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ABSTRACT 


The 1977 phytoplankton and productivity studies consisted of (1) 
water column light extinction measurements; (2) phytoplankton species 
counts; (3) chlorophyll a determinations; (4) carbon uptake determina- 
tions; and (5) continuous measurement of surface chlorophyll a, tempera- 
ture and salinity along Transect II. General methods for 2, 3 and 4 are 
presented in flow charts. 


Secchi depth generally increased offshore except when unusual inter- 
digitation of turbid and clear water coincided with station samples. 
Biomass generally decreased offshore both as chlorophyll a concentration 
and cell numbers. The nanno-fraction dominated the chlorophyll a values. 
The diatoms dominated inshore while the coccolithophorids dominated off- 
shore. Carbon uptake paralleled the biomass patterns, but were less vari- 
able across the shelf. Assimilation numbers identified May as an espec- 
ially efficient month for growth; along shelf gradients suggest that Tran- 
sects I, II and III were more productive than Transect IV. 


Depth profiles identified variable vertical structure during the 
seasonal cruises. The nanno-fraction dominated the water column at all 


dantheae aanantially 
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Monthly samples along Transect II demonstrated the seasonal changes 
that occurred in biomass and production. The spring bloom began with a 
netphytoplankton peak followed by a nannophytoplankton peak. In the 
fall, the size fractions occurred in reverse order. The continuous mea- 
surements along Transect II clearly defined the physical processes (run- 
off, upwelling, wind mixing) that resulted in increases in phytoplankton 
biomass during 1977. Skeletonema costatum was the dominant netphyto- 
plankter. 


The interrelationships among Secchi depth, phytoplankton abundances, 
and chlorophyll a were good. Carbon uptake was anomalously high during 
May. A distinction can be made between the effect of Mississippi River 
water and more local run-off. 


11~3 


INTRODUCTION 


The 1977 BLM-STOCS contract provided for a number of phytoplankton- 
related analyses: 1) measure the light extinction of the water column; 
2) enumerate phytoplankton species; 3) determine chlorophyll a concentra- 
tions in net-and nannophytoplankton fractions; 4) determine the absolute 
carbon uptake in the net- and nannophytoplankton fractions; and 5) con- 
tinuously measure chlorophyll a, temperature, and conductivity from the 
surface waters along Transect II. The two latter studies were performed 
for the first time in 1977 and significantly contributed'to a broader 
understanding of STOCS processes. 

Each of those measurements was backed by extensive literature. Water 
column light measurements including Secchi depth were reviewed by Strick- 
land (1958). Jerlov and Steeman-Nielsen (1974) provided a recent discus- 
sion of biologically pertinent optical oceanography. Steidinger (in El- 
Sayed et al., 1972) discussed phytoplankton species enumerations in the 
eastern Gulf of Mexico. Parsons et al. (1977) reviewed the applications 
of the chlorophyll a and 1"C techniques. Steeman-Nielsen (1975) specifi- 
cally summarized various aspects of marine photosynthesis. Malone (1971) 
considered the implications of relative photosynthesis in the net- and 
nannophytoplankton fractions. Platt and Denman (1975) demonstrated the 
utility of continuously measured im vivo fluorescence to characterize 
phytoplankton spatial heterogeneity. 

Historical data on the phytoplankton of the STOCS area is generally 
confined to the previous years of the BLM program. Two reports (Van 
Baalen, 1976 and Kamykowski et al., 1977) summarize the data collections 
during 1975 and 1976, respectively. Additional information that may be 


generalized to the STOCS area is available in El Sayed et al. (1972). 
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MATERIAL AND METHODS 


Samples for the various analyses were collected as shown in Table 11.1. 


The methodology for each measurement is discussed below. 


Light Extinction 


Secchi depth determinations were made at each station. The use of the 
LAMBDA submarine photometer depended on weather conditions and instrument 
availability. The latter data was collected at 53 out of 87 possible 


stations«for a.cuccesssrate of GL2Z. 


Chlorophyll a and Carbon Uptake Determinations 
30-2 Niskin Bottle 


Chlorophyll a Carbon Uptake 
3-5 2 of water filtered through 12 125-ml reagent bottles filled 
20 um Nytex mesh; 2-4 2 of fil- with seawater; 6 are clear and 6 are 
trate filtered through 0.4 um wrapped with black PVC tape; each 
47 mm NUCLEPORE filter (3 fil- bottle inoculated with 5 uCi ‘*c 
ters) with gentle suction; time labeled sodium bicarbonate; incubated 
30-40 minutes 3 hr; all 12 bottles in temperature- 

| controlled light box 
Place filters in CORNING 8446 
rubes and freeze immediately; Following termination of incubation, 
return samples to lab 3 clear and 3 dark bottles filtered 
through 20 um Nytex screen and fil- 

Add 4 ml of 90% acetone (redis- trate filtered through 0.45 um milli- 
tilled) and approximately 1 me pore HA filter; other 3 clear and 3 
NaHCO3, disturb with glass rod, dark bottles only filtered through 
extract at room temperature in 0.45 um membrane filter 


dark for -l) hr 

| All membrane filters transferred to 
Filter through fine porosity sin- individual scintillation vials pre- 
tered glass filter (CORNING 36060, filled with toluene fluor. Stored 
size 15F), wash tube and filter and for laboratory counts of activity 


make to 5 ml | on PACKARD Liquid Scintillation 
Counter 

Record absorbance 570 to 710 nm, 1 | 

cm cuvette, CARY 118 c spectropho- Additional sample collected for deter- 

tometer, acidify sample and rerun mination of alkalinity 


spectrum 

Light bottle values without dark sub- 
SCOR-UNESCO values are used in the traction are used in the following 
following discussion discussion 
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TABLE -11.1 


SAMPLING SCHEME FOR 1977 


Light Extinction: 
seasonal - Transect [. Lil selV,sStations.|, 2, 3: 
TOAUEeCCEML ET OCaCLONS ae, oy 4, 5. Os 
Hospital Rock, Southern Bank; 


Monthly susulransect Ll, Stations.1..2,.3;04, 5, 6 


Phytoplankton Species: 


seasonal s—-vtransect st TL. Lil. iv. eStations 1, 2, 3; 
Depth: surface and half-photic zone. 


Maontiiy = -“Iransect it, stations 1, 2,3; 
Depth: surface and half photic zone 


Chlorophyll a: 


Seasoma. —iransect 1, il ,ubkel, LV, Stations 1, 2, 3: 
Depth: surface and half-photic zone 


Monthiyors i eausect TL Stations “1 2703; 
Depth: surface, half-photic zone, bottom 


Carbon Uptake: 


pessonal)-— lransect L, Li, -IIl, IV, Stations’ i, 2, 3; 
Depth: surface 


Monthlys.= Tnansectell, Stations.1;42,.3; 
Depth: surface 


Continuous Chlorophyll a, Temperature, Conductivity: 


Seasonal - Transect II, Stations: continuous between 
3 and Port Aransas jetties; Depth: ~ 2 méters 


Monthly - Transect II, Stations continuous between 
3 and Port.Aransas jetties; Depth: ~ 2 meters 
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Phytoplankton Counts 


Same 30-2 Niskin Bottle 
Preserve 1 & water in 2% formalin solu- 
tion; 250 ml water in Lugol's solution; 
return to lab | 
Pour preserved water aliquot into 10, 
50, or 100 ml settling chamber (ZEISS), 
let stand for 24 hr. 
Examine quantitative section of slide 
at 200X magnification on an inverted 
microscope; record species and abun- 
dances. Use ZEISS compound scope for 
species verification 
Examine quantitative section of slide 
at 400X magnification on an inverted 
microscope, record coccolithophorid and 
nannoflagellate abundances 
Return counted aliquots to sample bottle; 
settle total volume; ‘siphon off supernatant 


until 10 ml remains; archive remaining 
Miquid sand celts 


Continuous Chlorophyll a, Temperature and Conductivity 


A continuous record of tm vtvo fluorescence (TURNER DESIGNS Fluoro- 
meter), temperature and conductivity (MARTEK TDC) was made for near-surface 
seawater available in the R/V LONGHORN's wet lab. Periodically data were 
collected on tm vtvo chlorophyll a, temperature and salinity to calibrate 
continuous measurements. Information on chlorophyll a, temperature and 


salinity has been reported at one mile intervals along Transect II. 


RESULTS 
The results presented herein analyze the data for significant pat- 


terns and trends. The raw data are included in Appendix J. 
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Seasonal Surface Patterns 

The seasonal surface patterns of measured parameters are given in 
Figures 11.1-11.9. Secchi depth was determined by water column turbidity 
resulting from suspended sediments or phytoplankton biomass. Figure 11.1 
provides the general impression of decreising turbidity (t.e. increasing 
Secchi depth) offshore. This general trend was subject to occasional 
reversals depending on the specific water masses occurring at a geographic 
location during the sampling. Occasionally, turbid water occurred off- 
shore of clearer inshore water. 

Figure 11.2 provides an index of phytoplankton biomass as measured by 
a2 eee wee A general offshore decrease is evident. Inshore, Transects 
II, III and IV displayed biomass peaks in winter and fall. Offshore, the 
highest concentration generally occurred in winter; phytoplankton biomass 
was low in spring and fall. 

The relative contributions of the chlorophyll a fraction larger (net) 
and smaller (nanno) than 20 um are compared in Figure 11.3. The nanno- 
fraction generally dominated the biomass across the shelf; especially in 
offshore waters. Dominance of the nanno-fractionwas less in winter than 
in spring and fall. 

Figure 11.4 presents the pattern of carbon uptake in the STOCS area. 
This parameter was more evenly distributed across the shelf than the bio- 
mass measure. This impression was primarily derived from the high offshore 
activity in spring. 

Figure 11.5 compares the relative activity in the net and nanno-frac- 
tions. As suggested by Figure 11.3, the nanno-fraction generally dominated 
carbon uptake across the shelf. This dominance was at its maximum in the 
offshore stations during spring and fall. 


Figure 11.6 presents the pattern of the assimilation number 
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Seasonal Secchi Depth (m) Variation in the STOCS Study 
Area (W=winter, S=spring, F=fall). 
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Figure 11.2 Seasonal Total Chlorophyll a (ug 2-1) Variation at the 
Surface in the STOCS Study Area. 
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NANNO/NET 
CHLOROPHYLL 2 


(surface) 


Figure 11.3 Seasonal Nanno- and Netphytoplankton Chlorophyll a 


(ug gat) Variation at the Surface in the STOCS Study 
Area. 
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Figure 11.4 Seasonal Carbon Uptake (mg C m7? hr~') Variation at the 
Surface of the STOCS Study Area. 
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Figure 11.5 Seasonal Nanno- and Netphytoplankton Carbon Uptake 
(mg C m~* hr!) Variation at the Surface in the STOCS 
Study Area. 
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Figure 11.6 Seasonal Assimilation Number [mg C(mg Chia) thr-*)} 


Variation at the Surface in the STOCS Study Area. 
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(surface) 





Figure 11.7 Seasonal Phytoplankton Abundance (Cells 2-1) Variation 
2 at the Surface-in ‘the STOCS Study Area, 
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Figure 11.8 
the STOCS Study Area. 
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Figure 11.9 Seasonal Coccolithophorid Counts (Cells 2~') Variation 
in. the STOCS Study Area. 
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Lene (mg Chl ayes Previous oceanographic experience has suggested 
that this ratio may be related to the growth climate (nutrients, tempera- 
ture, salinity) at a geographic location. A high rate of carbon fixation 
per unit chlorophyll a may be related to better growth conditions. If 
this is true, the spring cruise sampled organisms that were doing well, 
especially offshore. The ratio also exhibited high values at certain 
Stations during winter; it was uniformly low during fall. 

The STOCS pattern of total phytoplankton counts is displayed in Fig- 
ure 11.7. These values included estimates of both the net- and nanno- 
fractions. As with the chlorophyll a data in Figure 11.2, the quantity 
of phytoplankton decreased offshore. Seasonally, the individual stations 
displayed unique patterns depending on the location. The inshore stations 
showed decreasing cell numbers through the year; the offshore stations 
were more variable. 

Figures 11.8 and 11.9 help in the interpretation of the phytoplankton 
class distribution. Diatoms (Figure 11.8) generally dominated inshore and 
decreased in abundance offshore. One important exception occurred at Sta- 
tions 3/I and 3/II in winter. Coccolithophorids (Figure 11.9), in con- 
trast, were more abundant offshore and decreased in influence as the 
coast was approached. They tended to be more abundant in winter and spring 
than in fall. 

A north-south pea iea wera ren in some of the seasonal plots (Fig- 
ures 11.1 - 11.9). Transects I, II and III appeared more productive 
than Transect IV. This suggested a major northerly source for phyto- 


plankton growth materials. 
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Depth Patterns 


The seasonal depth patterns of phytoplankton biomass are given in 
Figures 11.10 - 11.11. Figure 11.10 shows the depth pattern of net 
chlorophyll a. Station 1, all transects, had the highest concentration 
in winter; net chlorophyll a was uniformly distributed throughout the 
water column. During spring, Station 1/I maintained relatively high con- 
centrations; Stations 1/II, 1/III and I/IV decreased t6 fall values. 
Station 2, all transects, exhibited low concentrations except for some- 
what higher values at Station 2/I throughout the water column in spring 
and at Station 2/IV near bottom in winter and spring. Stations 3, all 
transects, exhibited significant vertical structure at low concentra- 
tions during winter. Surface concentrations were relatively high at 3/I 
and 3/II; subsurface concentrations were relatively high at 3/III and 3/IV. 
Spring and fall concentrations were uniformly low. 

Figure 11.11 shows the depth pattern of nanno-chlorophyll ae eee 
concentrations were generally higher than those observed in the ~net-chlor- 
ophylil a fraction and exhibited more variability. Station 1/I was highest 
in winter and decreased through spring and fall. Stations 1/II and 1/III 
were highest in fall with similar values in winter and spring. Station- 
1/IV had similar concentrations throughout the three cruises. Station “he 
all transects, displayed the highest concentration in winter. Spring and 
fall concentrations were similar except at all depths of 2/1 and the bot- 
tom of 2/IV. Stations 3, all transects, exhibited relatively high surface 
nanno-chlorophyll a in winter with uniformly, low concentrations in spring 


and fall. 


Monthly Temporal Patterns 


Figures 11.12 - 11.21 display the monthly (nine cruises) temporal 


patterns of the various measurements at various depths along Transect II. 
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Figure 11.10 Seasonal Depth Variation of Netphytoplankton Chlorophyll 
a’ (Gig 2 Ay in the. STOCS ‘Study ‘Area. 
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Figure 11.12 Monthly Variation in Secchi Depth (m) Along Transect II. 
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Figure 11.13 Monthly Variation of Total Chlorophyll a (ug wey Along 
Transect II at the Surface, Half the Depth of the Photic 
Zone and Bottom. 
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Figure 11.14 Monthly Variation in Net Chlorophyll a (ug ge 7) Along 
Transect II at the Surface, Half the Depth of the Photic 
Zone and Bottom. 
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Figure 11.15 Monthly Variation in Nanno Chlorophyll a (ug 21) Along 
Transect II at the Surface, Half the Depth of the Photic 
Zone and Bottom. 
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Figure 11.16 Monthly Variation in Net, Nanno and Total Carbon Uptake 
[mg C(n?)7! (hr)? Along Transect II at the Surface. 
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Figure 11.17 Monthly Variation in Net, Nanno and Total Assimilation 
Number [mg C(mg Chl Se rage Along Transect II at 


the Surface. 
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Figure 11.18 Monthly Variation in Total Phytoplankton Counts (Cells r+) 
Along Transect II at the Surface and Half the Depth of 
the Photic Zone. 
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Figure 11.19 Monthly Variation of Chlorophyll a Along Transect II 
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Figure 11.20 Monthly Variation of Temperature Along Transect II at 
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Figure 11.12 shows the monthly Secchi depth variation at Stations 1-6, 
Transect II throughout the year. The turbid inshore zone usually affected 
1/II and reached out to 4/II for part of the year (September-—January). 
Stations 2, 5, 6 and 3, Transect II, exhibited less turbidity and followed 
a parallel pattern throughout the year. Secchi depths were generally low 
between January-May , increased abruptly in July and August, decreased in 
September due to the influence of Hurricane Anita, increased somewhat in 
November and decreased in December. These patterns were related to water 
depth stratification strength, wind speed and fresh water inflow. 

Figure 11.13 displays the monthly values of total chlorophyll a. A 
similar pattern occurred at the surface, and half the depth of the photic 
zone. At 1/II, values less than ~ l ug 2+ occurred only in July-August. 
At Stations 2/II and 3/II, the highest concentrations were in January 
with concentrations less than 0.5 ug oy through the remainder of the year. 
The bottom samples at Stations 1/II and 2/II exhibited higher summer con- 
centrations than the shallower depths. In fact, the bottom water at 1/II 
always contained more than ~ 1 ug eae chlorophyll a. Station 3/II 
exhibited uniformly low concentrations throughout the year. 

Figures 11.14 and 11.15 compare the relative contribution of the net 
and nanno-fractions to the monthly chlorophyll a patterns. Generally, the 
nanno-fraction biomass peaks followed the net-fraction biomass peaks in 
the spring and preceded the net-fraction peaks in the fall. This trend 
resulted fromithe successional response of phytoplankton life style to 
environmental quality. An anomalous peak in net-chlorophyll a occurred 
in the bottom waters of Station 2/II in July. 

Figure 11.16 presents the total carbon uptake and the relative eouc. .~ 
butions of the net and nanno-fractions at the surface of 1/II, 2/II and 


3/II. The total carbon uptake provided an impression similar to Figure 
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11.13 at the surface. It also appears, however, that the stations were 
more equal in carbon fixed, at least through August, than they were in 
standing crop. The nanno-fraction again followed the net-fraction in 
the spring and preceded it in the fall. 

Figure 11.17 summarizes the monthly patterns of the assimilation num- 
ber. The missed data points are due to undetected chlorophyll a. The 
assimilation numbers based on total phytoplankton showed the highest 
rates of carbon uptake per chlorophyll a during April-May and increased 
offshore. This was probably respectively due to the environmental con- 
ditions, including available nutrients, and the size of the dominant 
phytoplankton. High assimilation numbers that were not reflected in high 
biomass may be explained by samples taken at an early stage of community 
development or by active grazing by the zooplankton. 

Figure 11.18 shows the monthly trend of total phytoplankton counts 
at the surface and half the depth of the photic zone. All stations exhi- 
bited a similar pattern with decreasing amounts through August-September 
followed by increasing amounts to the end of the year. Cell numbers gen- 
erally decreased offshore during the productive times of the year and increased 
offshore during the times of low biomass. The September increase in the 
nanno-fraction of chlorophyll a (Figure 11.15) was not reflected in the 
cell counts. 

The rank order of phytoplankton species abundance by sampling date, 
depth and station are presented in Appendix J. The monthly temporal pat- 
tern of dominant phytoplankton species composition for Stations 1/II, 2/II 
and 3/II are presented in Tables 11.2 - 11.4. Data from the surface and 
one-half the depth of the photic zone samples were lumped in compiling 
these tables. Using the data in Appendix J, Tables 11.2 - 11.4 were gen- 


erated by listing approximately the 10 most abundant species at each sta- 
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tion during successive cruises in rank order of decreasing abundance. The 
numbers under each cruise heading give the rank order of abundance within 
that period. For example, at Station 1/II, March, Skeletonema costatwm 
was the most abundant and Gonyaulax minima was the least abundant of the 
top 1l species. 

The tables simply express the community changes observed at Stations 
1/II, 2/II and 3/II during 1977. Some general observations applicable to 
all three tables are: 

1) Successive monthly cruises unfailingly added new species to the 
overall list of most abundant species. This was especially true of Sta- 
tion 2/II between January and March and Station 3/II between January and 
April. 

2) Each table can be divided into its own monthly groups; 

Table 11.2 - Nace aes eee August-October; 

Table 11.3 - September-February; April-July; August; 

Table 11.4 - January-February; March-December. 
These groupings are much more complex than those offered in the 1976 
report (Kamykowski, In Groover, 1977). This complexity is probably due 
to the differences in the STOCS processes in the two years. 

The dominant species at each station during the periods defined in 
2) above were: 


1/II November-July: Skeletonema costatwn, Chaetoceros dectpiens, 
Chaetoceros spp.,Nttzschta sertata 


August-October:Navtcula spp., Thalasstonema nttzschiotdes, 
Nitzschtia 


2/II September-February; April-July: Skeletonema costatum; Rhizoso- 
lenta stolterfothit, Chaetoceros spp. Chaetc- 
eceros dectptens 

March: Dinoflagellates 


August: Barren 


3/I1 January-February: Skeletonema costatum, Nttzschta pactfica, 
Nitzschta sertata 


11-34 


TABLE. dl 22 


MONTHLY CHANGES IN PHYTOPLANKTON SPECIES COMPOSITION AT STATION 1/II. 
NUMBERS UNDER EACH CRUISE HEADING GIVE RANK ORDER OF 
DECREASING ABUNDANCE 


Species Jan Mar Apr May July Aug Sept Nov Dec 


Nee eee 


Skeletonema costatum 
Dttylum brtghtwelltt 
Nitaeschta sertata 
Chaetoceros dectptens 
Chaetoceros spp. 
Astertonella glactalis 
Rhizosolenta deltcatula 
Rhizosolenta alata v. alata 
Hemtaulus haucktt 
Chaetoceros compressus 
Prorocentrum compressum 
Thalasstothrix frauenfeldtt 
Coelodintum arehtmedes 
Chaetoeceros atlanttcus 
Thalasstonema nttaschtotdes 
Gonyaulax minima 1 
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Chaetoceros curvisetus i L 
Rhtzosolenta stolterfothtt 8 1 


Chaetoceros affints 9 
Leptocylindrus dantcus 

Gymnodtntum spp. 

Rhtzosolenta alata 

Prorocentrum mteans 

Bactertastrum spp. ih 
Hemtaulus membranaceous 

Hemtaulus stnensts 

Chaetoceros dtdymus 

Torodtntum robustum 

Gyrodintum spp. 

Navtcula spp. 

Nittzschta spp. 

Cerattum macroceros 

Cerattum trtchoceros 

Nttzschta longtsstma 

Cosetnodtscus spp. 3 9 
Dtplonets spp. 6 
Pleurostgma spp. 7 6 
Navteula membranacea 3 
Rhizosolenta fragtlitsima 8 
Eucampta z00dtacus 10 
Cerataultna pelagtca 7 
Asteromphalus spp. 7 
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TABLE. 11.3 


MONTHLY CHANGES IN PHYTOPLANKTON SPECIES COMPOSITION AT STATION 2/II. 
NUMBERS UNDER EACH CRUISE HEADING GIVE RANK ORDER OF 
DECREASING ABUNDANCE 


Species Jan Mar Apr May July Aug Sept Nov Dec 


ea ee eee 


Skeletonema costatum 
Rhtzosotenta alata v. alata 
Rhtzosolenta deltecatula 
Thalasstonema nittaschtotdes 
Rhtzosolenta stolterfothit 
Chaetoceros spp. 
Chaetoceros deetptens 
Chaetoeceros atlantitcus 
Chaetoceros curvtsetus 
Pleurostgma spp. 
Gymnodintum spp. 
Ditylum brtghtwelltt 
Prorocentrum compressum 
Gonyaulax mintma 
Gyrodintumn spp. 
Oxytoxum gladtolus 
Rhtzosolenta alata 
Nitzschta sertata 
Gyrodintum fustforme 
Hemtaulus membranaceous 
Thalasstothrix frauenfeldtt 
Chaetoceros peruvtanus 
Chaetoceros coarettcus 
Torodtntum robustun 
Thalasstostra spp. 
Leptocylindrus dantcus 3 
Lauderta Spp. : 4 
Nitzschia spp. ; 2 2 
8 
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Rhizosolenta fragtlltstma 

Eucampta z00dtacus 

Chaetoceros brevis 1 

Chaetoceros didymus 1 

Trichodesmium erythraeum 7 ee 
Hemtaulus stnensts 
Navicula spp. 
Cosctnodtscus excentrtcus 
Podolampus spintfera 
Dinophysts caudata 8 
Cerataulina pelagica 11 
Guinardta flaecida 2 
Hemtaulus haucktt 10 8 
Navicula warwrtkae 1i 
Chaetoceros affints 4 
Cosctnodtscus spp. 9 
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TABLE 11.4 


MONTHLY CHANGES IN PHYTOPLANKTON SPECIES COMPOSITION AT STATION 3/II. 
NUMBERS UNDER EACH CRUISE HEADING GIVE RANK ORDER OF 
DECREASING ABUNDANCE 


Species Jan- Mar. -ApY “May July Aug. Sept Nov Mec 


ee eae 


Skeletonema costatum 
Nitaschta pactftca 
Nitzschta sertata 
Chaetoceros curvtsetus 
Nitzschta spp. 

Chaetoceros spp. 
Leptocylindrus minimus 
Rhizosolenta fragtlitstma 
Hemtaulus haucktt 
Rhozosolenta stolterfothttr 
Gymnodintum spp. 
Gyrodintum fustforme 
Torodintum robustum 
Chaetoceros coarcttcus 
Gymnodinium wulff¢t 
Rhizosolenta alata 
Stauronets quadrtpedes 
Prorocentrum compressum 
Trtchodesmtum erythrueum 
Thalasstothrix fraunfeldtt 
Chaetoceros dectptens 
Nitzschta sertata 
Calyptrosphaera oblongata 
Gyrodintum spp. 
Chaetoceros peruvtanus 
Hemtaulus membranaceous 
Lauderta borealts 
Streptotheca thamests 
Eucampta z0odtacus 
Chaetoeceros atlanttcus 
Gutnardta flaecida 
Rhtzosolenta calear avis 
Thalasstonema nttzschtotdes 
Leptocylindrus dantcus 
Chaetoceros dtdymus 
Chaetoceros messanensts 
Bactertastrun spp. 1 
Hemtaulus stnensts 

Cerattum macroceros 

Cerattum minutum 

Polykrtkos schwarta2tt 

Chaetoceros dtversus 

Navteula membranaceous 

Rhtzosolenta deltcatula 9 
Cerattum trtchoceros 

Oxytoxum sceptrum 4 
Pleurostgma spp. 

Cosetnodtscus spp. 

Navtcula warwrtkae 

Nitzschta longtssima 
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March-December: WNttzgschta spp., Torodinium robustum, Thalassto- 
thrtx frauenfeldtr 

Table 11.5 summarizes the class dominance at each depth durine each 
cruise at all stations sampled. A succession of phytoplankton types was 
evident. In January, diatoms dominated along Transects I and II while 
coccolithophorids were significant along Transects III and IV. Dinoflag- 
ellates became dominant at some stations in March. An onshore-offshore 
gradient developed in March with diatoms dominant inshore and either cocco- 
lithophorids or dinoflagellates dominant offshore. This pattern continued 
through August with the coccolithophorid dominance moving toward the coast 
The last four months of 1977 were characterized by mixed communities that 
gradually changed to dominance by very small forms (coccolithophorids and 
monods). 

Table 11.6 considers the relative abundance of the blue-green algae 
at each depth of each cruise of all stations sampled. Since some blue- 
green algae may fix dissolved nitrogen gas into organic molecules, they 
contribute uniquely to the shelf ecosystem. Their presence suggests an 
alternate source of water column nitrogen either through leakage, grazing 
or bacterial decomposition. The pattern in Table 11.5 suggests that blue- 
greens first appeared in March and gradually increased in abundance through 
May when they occurred across the shelf both at the surface and at one 
half the depth of the photic zone. Their numbers and distribution declined 
in July and August but again increased from September to November. No 
blue-greens were observed in December. 

Table 11.7 lists the monthly diversity indices for each sample col- 
lected during 1977. Replicated samples are represented by the mean of the 
three values available. Diversity index values less than 1.00 with more 


than one species observed in the sample occurred only during March at 
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TABLE 11.5 


MONTHLY VARIATION IN PHYTOPLANKTON CLASS DOMINANCE AT ALL STATIONS 


Station Depth Jan Mar Apr May July Aug Sept Nov Dec 
Febssenays Sa0le Mine alb. ,¢0er ins! 
sig ie 0 ar 1 1 
wo 1 a 2 
270. 0 i i 1 
“2D 3 1 2 
BT. 0 1 Js > 
‘ys, it 3 4 
nig seve 0 Ee ah ih a iL 5 fe 1 4 
#0 1 ih a i 1 1 Z d 4 
DAL 0 i ih Me al 3 5 4 4 4 
5 1 D 2 i 3 & 1 3 3) 
BIL 0 ah 2 1 2 I 3 L 4 4 
ro a 3 D 3 ut 3 1 4 3 
Big), 0 a 1 4 
5 1 1 Z 
2 TED 0 3 ap 4 
5 3 is S 
3/222 0 3 1 4 
5 3 is ih 
1/IV 0 uh i an 
5 1 1 1 
DAY 0 3 ia e 
5 Ay is i 
3/1V 0 3 2 Z 
5 3 i 2 


- diatoms 

- dinoflagellates 

- coccolithophorids 
- monods 
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TABLE 11.6 


MONTHLY VARIATION OF BLUE-GREEN ALGAE ABUNDANCE (CELLS 27*) AT ALL STATIONS 


Station Depth Jan Mar Apr May July Aug Sept Nov Dec 


EO. aaieiats : Gee June = Oct an oF 
LiL 0 0 60 0 
ne 0 100 80 
2/1 0 0 140 40 
i 0 191 0 
ait 0 0 60 0 
oa ) 160 0 
shy Gg 0 0 0 ¢) 60 0 20 "362 0 
ee 0 0 0 0 0 0 QO 764 e) 
2711 0 0 0 40 40 0 0 320 0) 0 
Ae 0 0 6) 0 40 0 QO 840 0 
Sr ae 6) 0 100 40 380 0) 0 0) 0: 0 
oe, 0 0 40 0 0 @) @) 0 0 
Ly @) @) 300 20 
2 0 300 0 
2/ Itt 0 @) 0 60 
© 0 1200 0 
SPLLl 0 Q 280 20 
5 ) 20 Q 
1/1V 0 0 0 360 
6) Q 80 
TN QO 0 320 880 
i) 0 0 0 
oy LN 0 0 100 0 
5 0 0 0 


MONTHLY VARIATION OF SPECIES DIVERSITY (H)? 


eee 


Station Depth Jan 
Feb 
2 fab 0 SES 
ae) 3203 
2 ak 0 Sheik, 
a5) Dans 
aya 0 Shee 
ae) Sie eb 
ae 0 L398 
‘oO 2.24 
Ze 0 Bese: 
Fs) 3.43 
3/61 0 312 
> aah 
AE 0 Zee 
=) 3502 
27a 0 Seiete: 
Me 330 
SS AMEN GE 0 ae 
a Bin The) 
alias 0 3.04 
a) ey) 
2/1V 0 Bye ys: 
Fe) Ge2o 
3/IV 0 Sheik 
4D 1.94 
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total abundance 


*Replicate stations 
*Single species observed 
No species observed 
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Station 1/II, surface; Station 1/II, one half the depth of the photic zone; 
and Station 2/II, surface. The overwhelmingly dominant species in these 
samples was Skeletonema costatun. This was the main bloom species in the 
STOCS area during 1977. 

Figures 11.19, 11.20 and 11.21 consider the summarized results of the 
continuous near-surface measurements (chlorophyll a, temperature, Salinity, 
respectively) obtained along Transect II during each month of 1977. The 
continuous data calibrated to discrete measurements are presented as mon- 
thly graphs in Appendix J. Figure 11.19 shows a complex pattern of chlor- 
ophyll a across the shelf. Using the 1 ug 2 1 contour as a break point 
for significant concentrations, chlorophyll a, extended about eight naut- 
ical miles from the coast in January, February and March. In February, 

a plume of chlorophyll a extended offshore from a point about 30 nautical 
miles offshore. The coastal plume extended to about 25 nautical miles 
offshore in April and May; the outer shelf cleared to concentrations less 
than 0.5 ug & '. The coastal plume quickly decayed in June and disappeared 
in July and August. Hurricane Anita provided the stimulus (water mass 
movement or wind mixing) for the September coastal plume that extended 
beyond 20 nautical miles offshore. This plume withdrew to about six 
nautical miles in October-November and moved out to 12 nautical miles in 
December. 

Figures 11.20 and 11.21 provide temperature and salinity data to cor- 
relate with the chlorophyll a patterns. Figure 11.20 summarizes the temp- 
erature structure observed along Transect II. The coastal temperature 
range extended from 9°C in January to 30°C in August; the offshore temp- 
erature range extended from 17°C in January to 30°C in August. Intermediate 
sections of the shelf exhibited intermediate temperature ranges. The sur- 


face waters were horizontally isothermal between April-November. The sig- 
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nificant temperature information for interpreting Figure 11.19 occurred in 
January-February. The cold coastal plume in January was related to a coin- 
cident chlorophyll a plume; the coldest offshore temperature in January- 
February was related to a generally higher biomass outside the 25 nautical 
mile contour. 

The significance of the offshore temperature is suggested in Figure 
11.22, a plot of the temperature-nitrate relationship at Station 3/II dur- 
ing 1976. Temperatures below 21°C generally were coincident with increas- 
ing nitrate concentration. 

Figure 11.21 further explains some of the chlorophyll a patterns in 
Figure 11.19. The January coastal plumes of chlorophyll a and temperature 
were coincident with a low salinity plume inshore. In fact, all major 
coastal chlorophyll a plumes coincided with low salinity plumes (see Jan- 
uary, April-May, seers and November-December). It was also significant 
that the offshore chlorophyll a plume in February was coincident with high 
Salinity water; this relationship together with the data in Figures 11.20 
and 11.22 suggests upwelling. Apparently, the upwelling occurred mid- 


shelf and curled back offshore in the surface layer. 


DISCUSSION 


Figure 11.23 compares the approximate depth of the 16% isolume as 
determined by Secchi disc and by submarine photometer. In turbid water, 
the two measurements generally agreed. With decreasing turbidity, however, 
the Secchi depth increasingly overestimated the depth of the 16% isolume 
of photosynthetically active radiation. These differences were related to 
the sensitivity spectrum of the human eye vs that of the submarine photo- 
meter. Sinee the submarine photometer treated a broader spectral band with 


equal weight, it provided a standard index of photic zone depth. 
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Figure 11.23 Relationship Between Secchi Depth and Depth of 16% 
Isolume as Determined with Submarine Photometer. 
Numbers Refer to Months of Year. 
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The actual relationship of either measure to an absolute photic zone depth 
depended on the characteristics of the specific phytoplankton community. 

Figure 11.24 considers the relationship between surface salinity and 
Secchi depth. All data tended to fall within the solid line except for 
May. This clear low-salinity mass was probably related to the influence 
of Mississippi River water in the STOCS area. Trends within the solid 
line show that salinities less than 33°/,, were associated with Secchi 
depths less than 4m. Salinities above 33°/,. showed increasing variabil- 
ity as oceanic salinities (= 37°/.,.) are approached. 

Figure 11.25 presents the relationship between Secchi depth and sur- 
face chlorophyll a. The contribution of the phytoplankton to water column 
turbidity is evident: as Secchi depth decreased, surface chlorophyll a 
generally increased. The scatter in the plot can be attributed to suspended 
inorganic sediments and to layering of phytoplankton in subsurface layers. 

Figure 11.26 presents the relationship between surface chlorophyll a 
and salinity. Three categories of data were considered: 1) January off- 
shore; 2) May; 3) remaining months. January offshore was distinguished by 
relatively high chlorophyll a at high salinities. As stated previously, 
this phytoplankton biomass was caused by classical upwelling of nutrient- 
rich, high-salinity water at mid-shelf. The May values exhibited relatively 
low chlorophyll a at low salinities. There was a detectable increase in 
chlorophyll a with decreasing salinity. This pattern was attributed to Mis- 
sissippi River influences. The remaining months followed a pattern of 
increasing chlorophyll a paralleling decreasing salinity. Compared to the 
May increase in chlorophyll a (from ~ 0.5 ug a2 BbeLGWule s/s ome the 


remaining months increased in chlorophyll a with any freshwater input (7.e. 
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Figure 11.24 Relationship Between Salinity and Secchi Depth for all 


Stations. Solid Line is Arbitrary Curve. 
Refer to Months of Year. 
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Figure 11.25 Relationship Between Secchi Depth and Surface Chlorophyll 
a at All Stations. Numbers Refer to Stations. 
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Figure 11.26 Relationship Between Salinity and Total Chlorophyll a: 
Numbers Refer to Stations. 


11-49 


ofierephyhiewste2eSrygetetewtrs tye) 

Figure 11.27 depicts the percent nanno-chlorophyll a as it changed 
with temperature and salinity. The nanno contribution increased with 
increasing temperature and with increasing salinity. The interpretation 
of the salinity trend was again improved by dividing the data into three 
categories. 

Figure 11.28 compares the pattern in chlorophyll a and carbon uptake. 
Though the scatter was large, two linear trends emerged. The carbon uptake 
per unit chlorophyll a in May was significantly higher than that in the 
remaining months. The reason for this change was not clear. Neither 
analytical error in species counts nor substrate availability appeared to 
account for the greater May uptake of carbon. It is possible that the 
increased May efficiency was caused by the unique hydrographic conditions 
or by some factor associated with the Mississippi River water. 

Table 11.8 lists the total community assimilation numbers 
On a monthly basis, the efficiency of carbon uptake increased from January 
through May, declined through the summer months and increased again in 
aoe On a station basis, assimilation numbers tended to increase off- 
shore on all transects. These trends were related in a complex relation- 
ship with species composition, nutrient availability, temperature and salin- 
ity. The former dependence is suggested in Figure 11.29. The assimilation 
number increased both with percent nanno biomass and with percent nanno 
activity. Assuming that high assimilation number is an index of a healthy 
phytoplankton community, the times of lowest assimilation or growth stress 
occurred in two time intervals: January and August-November. The remain- 
ing months were dominated by relatively unstressed communities at a minimum 
of two stations along Transect II, The January period probably reflected 


temperature stress; the fall period probably reflected nutrient stress. 
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Figure 11.27 Relationship Between Temperature and % Nanno Biomass 
and Salinity and % Nanno Biomass at All Stations. 
Numbers Refer to Months of Year. 
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Figure 11.28 Relationship Between Total Chlorophyll a and Total 
Carbon Uptake at All Stations. Numbers Refer to 
Months of Year, 
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TABLE 11.8 


MONTHLY VARTATION OF ASSIMILATION NUMBERS [mg C(mg Chl a) ! (hr) !] AT ALL STATIONS 
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Figure 11.29 


Relationship Between Assimilation Number and % Nanno 
Biomass and Assimilation Number and % Nanno Carbon 
Uptake at All Stations. Numbers Refer to Months of 
Year. 
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Figure 11.30 presents the mutual dependencies between total chloro- 
phyll a and total phytoplankton cell counts. Despite high scatter, the 
two biomass parameters showed.co-variation. The weakness of the plot was 
due to the inadequate estimation of the numbers of the nanno fraction 
and to the large variability of chlorophyll a per cell in different 


species. 


CONCLUSIONS 

1. Seasonal surface patterns of all measured parameters showed an 
offshore decrease in phytoplankton biomass and production and suggested 
decreasing activity from north to south. 

2. The nannophytoplankton generally dominated STOCS biomass and 
activity durins 1977. 

3. Substantial near bottom concentrations of chlorophyll a occurred 
out to Station 2/II during the summer months. 

4. The monthly temporal patterns of all parameters showed a bimodal 
cycle of biomass and activity in the nearshore stations. The net flac 
tion preceded the nanno fraction in spring; the order of appearance 
reversed in wall. 

5. The continuous measurement of chlorophyll a, temperature and 
salinity along Transect II identified the major incursions of freshwater 
into the STOCS area, an upwelling at mid-shelf. in February -and possible . 
wind mixing in September due to Hurricane Anita. Nearshore chlorophyll a 
plumes may have extended up to.25 nautical miles offshore. 

6. The phytoplankton species divided into complex monthly groupings 
reflecting the complex physical processes in the STOCS area during 1977. 
Skeletonema costatum was-a universal dominant of net fraction abundance 


peaks. 
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Figure 11.30 Surface Relationship Between Total Chlorophyll a and 
Phytoptankton Abundance at All Stations. Numbers Refer 
to Months of Year. 
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7) Good relationships were observed among the various measured para- 
meters. The assimilation numbers were anomalously high in May, possibly 
reflecting the influence of Mississippi River water in the STOCS area. 
Possible phytoplankton stress was identified in January and between August 
and November. 

8) Local run-off apparently contributes directly to high biomass in 
the nearshore areas. Mississippi River water is characterized by unusual 


clarity for its salinity range. 
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CHAPTER TWELVE 
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Joel L. Gervitz 
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ABSTRACT 


Depth stratified Nansen net tows and discrete depth Niskin bottle 
samples were collected in the BLM-STOCS study area seasonally and during 
July, August, November and December of 1977, Shelled microzooplankton and 
general microplankton were studied from the Nansen nets and Niskin bottles 
respectively. 


The shelled microzooplankton and general microplankton data were com- 
pared to the physical oceanography of the study area by use of density, 
diversity and other plots of the data along with cluster analysis. These 
comparisons revealed: ponds of water moving onto the shelf at various 
depths during the winter; strong upwelling in the winter and into the 
spring; brackish water moving out toward the open Gulf of Mexico in the 
spring drawing deeper open Gulf water shoreward underneath it; and, a 
dramatic eutrophism of the STOCS during the winter and into the spring 
of 1977. These conclusions were suggested by certain observed species of 
shelled microzooplankton that indicated the above cceanographic conditions. 
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Purpose 

This component of the BLM-STOCS studies was directed toward monitoring 
the shelled microzooplankton and general microplankton with special emphasis 
on the use of shelled microzooplankton as indicators of oceanographic condi- 
tions to characterize the study area. The organisms collected were identi- 
fied to lowest taxonomic unit, these data placed on computer cards, and R 
and Q mode cluster analyses performed for Significant stations, species and 
species groups, resulting in dendrograms. This information was correlated 
to the other oceanographic components (biological, physical and chemical) 
of the STOCS study area. A survey of previous work on the microplankton 
from the STOCS is contained in the 1976 Final Report (Casey, In Groover, 
19 FT ew 

Emphasis was placed on the use of the shelled microzooplankton (radio- 
larians, planktonic foraminiferans, benthonic foraminiferans and pteropods) 
as indices of oceanographic conditions. To this end, three tables are 
included in the text designating such indicators, and Table 1, Appendix K 
is constructed so that it may be used in conjunction with the tables and 


figures in the text. 


METHODS AND MATERIALS 


Collecting Procedures 
Nansen Tows (Depth Stratified Samples) 


Nansen tows were taken at Stations 1-3 of all transects during the 





Seasonal sampling, and at Stations 1-3, Transect II during the July 
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through December monthly samplings (Figure 12.1). At Station 1 of all 
transects, the net was lowered to just off the bottom (usually about 25 m) 
and slowly (about 20 m/minute) towed to the surface. At Station 2 of all 
transects, two separate tows were taken. In the first tow, the net was 
lowered to just off the bottom (usually about 50 m) and slowly towed toward 
the surface. While the net was still fishing (towing) a messenger was 
dropped so that the net closed at 25 m; the second tow at this station 

was taken by lowering the net to 25 m and slowly towing it to the surface. 
At Station 3 of all transects, three separate tows were taken. In the 
first tow, the net was lowered to just off the bottom (usually about 100 m) 
and slowly towed toward the surface and closed at 50 m; the second tow was 
lowered to 50 m and closed at 25 m; and the third tow was from 25 m to the 
surface. The net was then washed with seawater from the outside of the 
mesh and the material in the cod end was preserved in a 500-ml Nalgene 
bottle with a 5% formalin solution containing sodium borate, strontium 
chloride and rose Bengal. This preservative solution was prepared in the 
following manner: 1 gal. of 37% (stock) formaldehyde + 80 gm Na2By07*10H2° 
(sodium borate) + 18.2 gm SrClx°6H20 (strontium chloride) + 2 gm rose Ben- 
gal. Each bottle was then labeled and a shipboard data sheet completed. 


A total of 96 samples were collected and are reported on herein. 


Niskin Bottle Samples (Discrete Samples) 


Niskin samples during the winter seasonal sampling were taken at 10m 
depth and at one-half the depth of the photic zone (as determined with 
either a Secchi disk or photometer) at Stations 1 and 2, all transects; and 
at 10 m depth, one-half the depth of the photic zone, the photic zone, 
and just off the sea floor at Station 3, all transects. Niskin samples 


during the remaining two seasonal samplings were taken at one-half the 
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Stations Where Nansen Net and Niskin Bottle Samples 
were Taken During 1977. Seasonal Samplings were 

From Stations 1-3, All Transects, and Monthly Samplings 
were from Stations 1-3, Transect II. 
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depth of the photic zone and the depth of the photic zone at Stations l, 
all transects; and at one-half the depth of the photic zone, the photic 
zone, and just off the sea floor at Stations 2 and 3, all transects. 
Transect II was sampled in the same manner monthly during the July, Aug- 
ust, November and December cruises. From each 30-2 Niskin bottle, 29 & 
were filtered through a 38-um mesh stainless steel screen. The filtrate 
was washed into a 500-ml Nalgene bottle and preserved in a 2 to 34 pre- 
servative solution as described for the Nansen tows, except that no rose 
Bengal was used. Each bottle was then labeled and the shipboard data 
sheet completed. A total of 126 samples were collected and are reported 


on herein. 


Post Collecting Procedures 


Nansen Samples 


In the laboratory, ce samples were split into two aliquots with a 
plankton splitter. One aliquot was archived and the second was sorted 
for microplankton. The seasonal samples were either hand-picked using 
a breaking pipette and a plankton microscope and then placed on slides, 
or identified and counted directly with the plankton microscope. The 
monthly samples (and a few SEER samples that did not contain stain) 
were handled by taking an aliquot and identifying and counting organisms 
using the plankton microscope. All samples and slides were saved. 

Data from the seasonal samples were placed on computer cards and 
cluster analyses performed that resulted in dendrograms (Sneath and 
Sokal, 1973; Kruskal, 1956). The dendrograms, radiolarian density and 
richness, planktonic foraminiferan density and the density of Boltvina 
Lowmant were compared with other oceanographic phenomena and used as aids 


to interpret these phenomena. 
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Niskin Samples 


An aliquot of either 5 or 10 ml was removed from a well agitated Niskin 
sample using a Hensen-Stemple pipette. This aliquot was placed in a Zeiss 
plankton counting chamber and the microplankton were allowed to settle. 
After the microplankton had settled to the chamber floor, the first 100 
organisms (including fecal pellets) were identified and counted using an 
inverted microscope. Due to very high density, 300 individuals were counted 
from five winter samples, The surface area of the chamber traversed during 
winter samples, The surface area of the chamber traversed during counting 
was recorded. The residue and supernatant of each sample were then combined 
and archived. 

The data were placed on computer cards, cluster analyses performed and 
dendrograms and maps of relative abundance (percent of total) of major 
groups and total density were prepared on the data from the 12 seasonal 
stations. These were compared with other oceanographic phenomena. Tables 


of what appeared to be some of the important indicators were also prepared. 


RESULTS AND DISCUSSION 


Physical and Chemical Oceanographic Setting 


Water masses of the STOCS in 1977 were plotted on a Temperature-Salin- 
ity (T-S) diagram (Figures 12.2). The T-S diagram for 1977 was very similar 
to those prepared from the 1975 and 1976 data (Casey, 1977; Casey, In Groover, 
1977) with a core of Western Gulf Surface Water (WGSW) always present during 
the three seasons. The main differences between 1977 and previous years 
were the colder temperatures during the winter 1977 samplings and the slight 
suggestion of an incursion of Subtropical Underwater in the spring of 1977 
(during the summer of 1976 this incursion was very evident). 


Smith in Chapter 2 of this report, has done an excellent job of 
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Figure 12.2 Water Mass Characterization of the STOCS 1977, from Seasonal Data. 
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describing the physical oceanography of the 1977 STOCS and the following 

is but a review of the physical oceanography of the STOCS in 1977, impor- 
tant in interpreting the shelled microzooplankton distributions. Winter 
1977 was dominated by strong cold fronts that cooled the waters to a greater 
degree than in the previous two years and mixed the water column. The gen- 
eral circulation pattern was wind driven parallel to the coast from north 
to south. Smith's Figure 2.3 (Chapter 2) shows an upwelling at mid-shelf 
in winter. This probably was due to an "early" switch in the wind systems 
from a northerly to a southerly direction (Kamykowski, personel communica- 
tion). These conditions created the most obvious upwelling seen on the 
STOCS; this upwelling apparently continued into the spring, 

Spring run-off (both local and from the Mississippi) produced a lens 
of brackish water that flowed from the north to south across the STOCS with 
a slight offshore component. This offshore component "caused" an open ocean 
estuarine type of upwelling within the STOCS. Smith suggested that Sub- 
tropical Underwater might have moved onto the shelf along Transect I at 
this time. 

Summer conditions developed with the establishment and subsequent 
thickening of the thermocline and the north-south alternating wind patterns. 
This resulted in waters having a greater residence time on the shelf during 
the summer than in either winter or spring (months as opposed to days of 
weeks). Unlike the summer of 1976, there did not appear to be an incursion 
of Subtropical Underwater or the grounding of an anticyclonic gyre from the 
Loop Current in 1977. However, a wedge of somewhat higher salinity water 
did extend shoreward at mid depths over the outer shelf (Smith, Chapter 2, 


Figure 2.30). 


Nansen Depth Stratified Tow Data Related to Physical Oceanography 


The data from the Nansen tows may be seen in Table 1, Appendix K, 
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These raw data were converted into maps showing the densities of polycystin 
radiolarians (in number of individuals/m*), planktonic foraminiferans and 
the benthic foraminiferan Boltvina lowmant; and, polycystin radiolarian 
richness (number of species/tow) for each season at depths of 0-25 m, 
25-50 m and greater than 50 m (Figures 12.3 - 12.6). 

During the winter, ponds of shallow and deeper open-ocean Gulf water 
moved oe the STOCS probably due to eddies breaking off from the general 
southerly movement of the offshore wind driven current. In winter, deep 
open-ocean Gulf water occurred all along the STOCS at mid-shelf with a 
return seaward at the surface. In spring, a lens of brackish water, from 
local sources and the Mississippi River, moved south across the STOCS. 
The offshore component of this surface flow dragged surface and deeper 
open Gulf water shoreward under the pycnocline. Mixing occurred through 
the pycnocline resulting in an "open-ocean type" of estuarine upwelling 
on the STOCS during spring. In the fall there appeared to be a general 
encroachment of open-ocean Gulf water throughout the water column. The 
nearshore surface currents in the fall alternated north and south with a 
general deep bottom current directed toward the north on the outer shelf. 
These general trends appear to be similar to what was found in the 1975 
and 1976 years of the BLM-STOCS program (Casey, 1977; Casey, In .Groover, 
1977): with-the exception of. the dramatic upwelling (upwelled water ‘to: the 


surface, not just an upbowing of. water) in.the spring of 1977. 


Radiolarian Density Maps from Depth Stratified Nansen Tows 


Radiolarian density maps from depth stratified Nansen tows for 
winter, spring and fall of 1977 are shown in Figure 12.3. The radiolarian 
densities for winter showed a general encroachment (high radiolarian 


densities) of Gulf surface waters (0-25 m) along Transect III and a pond 
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Figure 12.3 Radiolarian Density Maps for Winter, Spring, and Fall 
at Surface (0-25 m), Shelf Intermediate (25-50 m) 
and Deep (50 m) Depths. 
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Figure 12.4 Planktonic Foraminiferan Density Maps for Winter, Spring 


and Fall at Surface (0-25 m), Shelf Intermediate (25-50 m) 
and Deep (50 m) Depths. 
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Figure 12.5 Boltvina lowmant Density Maps for Winter, Spring and 


Fall at Surface (0-25 m), Shelf Intermediate (25-50 m) 
and Deep (50 m) Depths. 
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Figure 12.6 Radiolarian Richness Maps for Winter, Spring and Fall 
at Surface (0-25 m), Shelf Intermediate (25-50 m) and 
Deep (50 m) Depths. 
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Figure 12.7 Salinity Maps for Winter, Spring and Fall at 10, 36 and 
75 m Depths. 











of shallow water (high radiolarian densities) at Station 2/II1. The win- 
ter salinities (Figure 12.7) showed normal marine waters (36 ppt) shore- 
ward to Station 2 and high salinity (36.4 ppt) water around Station 2/1I1L 
agreeing with our interpretation that a pond of shelf intermediate (25-50 m) 
water occurred at that station. 

Radiolarian density maps from Nansen tows for spring (Figure 2.2) 
showed an absence of radiolarians in surface waters at most inner and 
mid-stations and open Gulf water was present at the surface at the outer 
stations. The greatest radiolarian density was at Station 3/II for this 
surface (0-25 m) water. Under this surface water and above deeper water 
(greater than 50 m), the shelf-intermediate water (25-50 .m) contained high 
radiolarian densities especially in the northern section of the study area. 
Spring salinities (Figure 12.7) suggested a lens of brackishwater was over 
the shelf in the shallow waters and there was an encroachment of shelf- 
intermediate and shelf deeper waters. This agreed with the high radio- 
larian densities recorded. 

Radiolarian density maps of Nansen tows for fall (Figure 12.3) showed 
there was an encroachment of open Gulf water (high density) into Station 1 
along Transect III at all depths. The salinity maps for fall (Figure 12.7) 
also suggested such an encroachment of open marine waters, but that this 
encroachment was from the south to the north at surface and shelf-inter- 
mediate depths (note 36.3 ppt contours on the fall maps of Figure 12.7). 

Planktonic foraminiferan density maps from Nansen tows for winter 
(Figure 12.4) showed there were two ponds of open Gulf surface water 
(high densities) at Stations 3/II and 2/IV. The maps also indicated there 
was another pond of Gulf surface water at shelf-intermediate depth at 


Station 2/III, where the radiolarian densities also suggested a pond. The 
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density maps for spring (Figure 12.4) showed there was an encroachment of 





Open ocean water at the surface from the north and perhaps at shelf-inter- 
mediate depths from the east alongTransectsg II and III. Planktonic foram- 
iniferan density maps for fall (Figure 12.4) showed there was an encroach- 
ment of open Gulf water onto the shelf at the surface along Transect III 
with what appeared to be a branching to the north and south. At shelf- 
intermediate depths the general circulation of open Gulf water appeared to 
be to the north which was in good agreement with the salinity maps (Figure 
Lee). 

B. lowmant density maps from Nansen tows for winter (Figure 12.5) 
showed a high density in the surface waters of the southern STOCS moving 
offshore and northward, with no occurrences in shelf-intermediate or deeper 
tows. B. lowmant density maps for spring (Figure 12.5) showed a nee 
density nearshore moving out along Transect III at the surface and at shelf- 
intermediate depths. This pattern agreed well with the pattern of low 
salinity water (32 ppt) moving offshore at the surface (Figure 12.7). 

Density maps for fall illustrated that densities of B. lowmant were 
very low over the inner shelf, suggesting a pond of nearshore water (8B. 
Lowmant rich) had moved offshore at Station 3/III, and another pond of 
nearshore water was at shelf-intermediate depths at about Station 2/II. The 
highest densities of B. lZowmant during the fall occurred at depth on the 
outer shelf, especially in the southern part of the STOCS. This high den- 
sity suggested a northerly transport of water as was also suggested by the 
36.3 ppt shelf-intermediate depth (36 m) salinity contour (Figure-12.7). 

Radiolarian richness maps (Figure 12.6) for winter illustrated there 
was a pond of water at surface and shelf-intermediate depths on the outer 
(Station 3) and mid-shelf (Station 2) along Transect III. Spring radio- 


larian richness (Figure 12.6) illustrated that the radiolarians were mainly 
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confined to the outer shelf with an encroachment onto the shelf at shelf- 
intermediate depths. The fall maps (Figure 12.6) showed a general encroach- 


ment onto the shelf at all depths. 


Monthly Samples 


The data for the monthly samples on Transect II are found in Table l, 
Appendix K. The July and August monthly samples appeared to be very simi- 
lar to the fall seasonal samples except that there was an absence of Glo- 
bitgerina quinqueloba in the monthly samples suggesting that the fall sea- 
sonal sampling period was the start of winter (presence of G. quinqueloba) . 
The November and December monthly samples illustrated that winter condi- 
tions had developed by the common occurrences of the winter STOCS indica- 
tors G. faleonensts and G. quinqueloba and the general decline in poly- 


cystin radiolarian abundance. 


R-Mode Cluster Analysis 


The R-mode cluster analysis dendrogram for winter 1977 was divided 
into main cluster groups (Figure 12.8). The group labeled STR (summer 
thermocline related), consisting of the radiolarian species Zucyrttdiwn 
accuminatum, Pterocorys zaneleus and Euehttonta elegans, separated in 
abundance either above or below the thermocline in summer. During winter 
these three forms all occurred between 25 and 50 m at Station 2/III. HE. 
elegans also occurred at Station 2/II in the surface sample (0-25 m) 
representing an upwelling of waters onto mid-shelf. This species was desig- 
nated by the u (upwelling) on the dendrogram. This upwelling was sub- 
stantiated by the outcropping of isotherms in Figure 2.5 of Chapter 2. 
The group labeled "tet" (Spongaster tetras subspecies) consisted of the 


two morphotypes of S. tetras, S. tetras trregularts and S. tetras tetras. 
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x STR = summer thermocline related 

u = upwelling 

tet = Spongaster tetras subspecies 

Ul = upwelling 1 

NS = nearshore 

U2 = upwelling 2 

WF = winter fauna 

UZ = upwelling 4 

U4 = upwelling 4 


Figure 12.8 Winter Nansen Data R-Mode Dendrogram. 
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Key to R-Mode Shelled Microzooplankton Dendrogranm, 


! 
as 
Winter Nansen 1977. 


Figure 12.8 Cont. 


Species and Group Names in 


Left Hand Column Can Be Found in Complete Form in 


Table 1, Appendix K. 


(~OWI-DO HO OMNNODNNDOOrMAVstADNOos+ 


: bas L 
OQ 


© ZN OE 
a sos} ‘au 
Se) Mu) < sa Dy ME SD 


ORNIS 
A 
S 
8 


s— OmrW WwW ea! 
Cy WkD4wz Co40)_JLI es | Coc tjCce 
ZO0906--O IDWS ec as ZC EOL 
Md SW 2 OO ZOD ee OWE MoD 
FI StF- OUT E> 2 G0CUrAaOODrEemwrweA 
eas | | LLU OL TVOZ I IDuWuIsZOWwWerEoo Oo 
C2 tut—F-O0+-DOOTOTOs Ih. OMe IDO r-oncz 
OC AWE DODOMOG IID DAtWDRWo Wea 
COMNUIE-F-0 20 F- J_LO Omak LEO 
oe LL = 
oe ae | 4)» Ld °}— oe rf 8 ee Ws te «es 2 «ese ss CT i ) ee 
age ge nak CATED REICH MEIOE 0 CHCIGE o 


12-21 


S. tetras trregularts is a cold morphotype and S. tetras tetras is a warm 
morphotype (Table 12.1). S. tetras trregularts only occurred during the 
winter whereas S. tetras tetras was present in all seasons. S. tetras 
trregularts was therefore a winter indicator for the STOCS. The group 
labeled Ul (upwelling 1) consisting of Hymentastrum profundumn and Lampro- 
eyelas nupttalts, occurred at shelf-intermediate depths in the southern 
STOCS and upwelled in the northern STOCS, suggesting at least some of the 
upwelled water came in from the south. The group labeled NS (nearshore), 
consisting of the pteropod Sptratella trochtformts and the benthonic foram- 
iniferan-B. lowmant, was restricted in abundance to nearshore waters and 
was a winter indicator. The group labeled U2 (upwelling 2), consisting of 
the planktonic foraminiferan species Globitgertna pachyderma and the radio- 
larian species Spongotrochus glactalts, indicated the same upwelling pattern 
as did group Ul. The group labeled WF (winter fauna) consisted of the 
winter shelled microplankton forms, including the planktonic foraminiferans 
Globtgertna falconensts, G. bullotdes and G. qutnqueloba (Table 12.2), and 
pteropod species Sprratella tnflata and S. lesueurt. The species labeled 
U3 (upwelling 3), the planktonic foraminiferan Globorotalta truncatulinotdes, 
appeared at depth over the shelf but upwelled at Station 1/II. The group 
labeled U4 (upwelling 4), consisting of the radiolarians Collosphaera tuber- 
osa, Pterocantum praetextum praetextum, Ommatartus tetrathalamus and Stylo- 
trochus geddest, upwelled at mid-shelf then moved offshore at the surface. 
The winter dendrogram (Figure 12.8) suggested that upwelling to the surface 
was prevalent over the STOCS in the winter of 1977 and this upwelled water 
moved offshore at the surface. 

The R-mode cluster analysis dendrogram for spring 1977 was divided 
into four cluster groups (Figure 12.9). The group labeled OGSW (open 


Gulf surface water), composed of the radiolarians Collosphera spp. and 





TABLES Led 


AVERAGE NUMBER OF RADIOLARIANS/m*? FOR EACH DEPTH INTERVAL FOR THE TWELVE PRIMARY SEASONAL STATIONS, 1977. 
SPECIES ARE DIVIDED INTO INDICATOR GROUPS* 


WINTER SPRING FALL 
0-25 m/25-50 m/50 mt 0-25 m/25-50 m/50 int 0-25 m/25-50 m/50 m+ 


WINTER/DEEP /UPWELLING 


Litheltus minor re i 0 0 0 0 0 a 0 

Spongotrochus glactalis 1.8 2.0 0 li 0 1 x 0 eel 

Heltotholus sp. ok: 6 0 0 0 0 0 0 0 
DEEP AND UPWELLING 

Challengerids 0 0 0 0 0 0 0 0 4 
SUMMER ABOVE THERMOCLINE 

Euchitonia elegans oo J 0 0 0 0 9 .7 3 

Onnatartus tetrathalmus f: 3 0 0 0 0 4 et 0 

Eucyrttdium acewntnatum 0 ak 0 0 0 0 #3 0 1 

Lamprocyelas maritalts 0 0 0 0 0 0 0 ei 0 
SUMMER BELOW THERMOCLINE 

Anthoeyrttdium cinerarta 0 0 0 0 0 0 0 0 7 

Pteroeorys zancleus 0 a 0 0 0 0 4 oa} 1.0 

Lanprocyclas nuptitalts 0 0 0 0 0 0 Z <i) 4 
WARM AND COLD MORPHOTYPES 

Spongaster tetras trregularis (cold) <1 0 0 0 0 0 0 0 0 

Spongaster tetras tetras (warm) a2 oe 0 0 0 0 1 8) 1 

Pteroecantum praetextwn eucolpum (cold) “3 0 0 0 er 0 0 0 0 

Pterocantum praetextwn praetextun (warm) a 0 0 1 at 0 2 0 Z 
OPEN GULF SURFACE OR SHALLOW 

Polysolenia lappacea 0 0 0 0 B.4 0 0 0 0 

Disolenta aanquebarica 0 0 0 0 17.0 0 0 0 4 
OTHER 

Hymentastrum profundum 6 fe! 0 0 0 0 Lig <1 | 1.6 

Hexadortdium streptacanthun 1.7 1.0 e2 2.5 a 2 1 ‘3 ok 


*These indicator groups are essentially the groups that have been developed during the three years of 
BLM-STOCS and are not solely from this year's data (1977). 
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Key to R-Mode Shelled Microzooplankton Dendro- 


gram, Spring Nansen 1977. 


Figure 12.9 Cont.'d. 
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Disolenta zanquebratca, occurred in high abundances between 25 and 50 m 
at Station 3/I. This group appeared to be brought in with the "salt 
water wedge" of the estuarine type upwelling that occurred in the spring. 
The group labeled U (upwelling) composed of the radiolarian species, 


Pterocorys zancleus, Spongotrochus glactalts and Pterocantum praetextum 


praetextum, clustered together because they occurred at the various depths 


sampled at Stations 3 during the spring. The group labeled SOS (shallow 
outer shelf), composed of the planktonic foraminiferan Globtgertna bull- 
otdes and the pteropod species Sptratella heltctna and S. trochtformis, 
occurred together in the shallow (0-50 m) waters of the mid and outer 
stations on Transect III. The group labeled SNS canst be nearshore), 
composed of the benthonic foraminiferan B. lownant and the pteropod 
species Sptratella inflata, Sptratella lesueurt and Cresets actcula, 
were most abundant in shallow (0-50 m) nearshore (Stations 1 and 2) 
waters and were indicative of the spring low salinity lens (Table 12.3). 

The R-mode cluster analysis dendrogram for fall 1977 was divided into 
five major cluster groups (Figure 12.10). The group labeled DIII (deep 
Transect III), composed of the radiolarians challengeriids and Helto- 
tholus sp., occurred at depth (below 50 m) on Transect III. The group 
labeled U (upwelling), composed of the radiolarian species G. pachyderma 
and G. quinqueloba, occurred at depth on the outer shelf and in shallow 
waters on the mid-shelf, illustrating upwelling. G. pachyderma and G. 
quinqueloba have usually been considered winter assemblage members 
(Table 12.2). During the spring they occurred at depth under the 
thermocline along with Spongotrochus glactalts, which was considered to 
be a winter-deep-upwelling form (Table 12.1). The group labeled 01 


(offshore 1) was composed of two subgroups labeled d and ds. The 
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TABLE. 12.3 


AVERAGE NUMBER OF PTEROPODS AND Boltvina Lowmant FOR EAt 
FOR THE TWELVE PRIMARY SEASONAL STATIONS, 
SPECIES ARE DIVIDED INTO INDICATOR GROUP: 


WINTER SPRING 


0-25 m/25-50 m/50 mt 0-25 m/25-50 m/50 m+ 
SPRING ASSEMBLAGE 


Cresets actcula 5 ye 0 Oy) 5.0 1.4 


SUMMER ASSEMBLAGE 


Sptratella tnflata EES9 a ee 84.8 oe ie 0 
OTHER 
Sptratella lesueurt Gaal 4.7 oe 10.3 ya} 42 


SPRING LOW SALINITY LENS 
Boltvina lowmant x at 8 0 0 BL yy a2 Os Ae 


*These indicator groups are essentially the groups that have been developec 
BLM-STOCS and are not solely from this year's data (1977). 
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Figure 12.10 Fall Nansen Data, R-Mode Dendrogram. 
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subgroup d (deep), composed of the radiolarian species Anthoeyrttdtum 
ctnerarta and Disolenta zanquebarica, occurred below 50 m on Transect III 
and was considered summer and open Gulf surface or shallow forms that 
were "pulled in" under the thermocline during this time (Table 12.1 and 
McMillen and Casey, in press). The subgroup ds, composed of the radio- 
larian species EZuchitonia furcata, Pterocantum praetextum praetextum, 

S. tetras tetras and Lamprocyclas nupttalts, occurred throughout the 
water column at the outer stations. The group labeled 02 (offshore 2), 
composed of the planktonic foraminiferan species Globigerina rubescens 
and the radiolarian species Eucyrtidium acewntnatum, Stylodteta sp., 
Pterocorys zancleus and Lithelius minor generally occurred throughout 

the water column at Stations 3 of all transects. The group labeled FF 
(fall fauna) was subdivided into three subgroups labeled c (cosmopolitan), 
s (shallow) and o (outer shelf). The subgroup c, composed of the pteropod 
Sptratella inflata (summer assemblage, Table 12.3) and the benthonic 
foraminiferan B. lowmant (the-most common species on the dendrogram), 
occurred throughout the entire water column on the STOCS during the fall. 
The subgroup s, composed of the pteropod S. heltetna and the planktonic 
foraminiferan G. bullotdes (summer assemblage, Table 12.2), occurred in 
shallow water (upper 50 m) throughout the area. The species labeled 

0, Euchttonta elegans, occurred at Station 3 of all transects through 


the entire water column. 


Q-Mode Cluster Analysis 


The Q-mode cluster analysis dendrogram for winter 1977 (Figure 12.11) 
was divided into two cluster groups. The group labeled WF (winter fauna), 
composed of samples containing the planktonic foraminiferans G. bullotdes, 


G. falconensts and G. pachyderma, was mainly restricted to the winter of 
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1977. There were a few occurrences of G. guinqueloba in the fall while 
G. bullotdes occurred all year round (Table 12.2). The occurrences of 
G. quinqueloba in the fall suggested that during the fall sampling 
period conditions were getting close to those of winter. The group 
labeled U (upwelling) was composed of samples containing the planktonic 
foraminiferan species Globtgertnella aequtlateralts (abundant in upwel- 
ling regions according to Tolderlund and Bé, 1971) and Spongotrochus 
glactalts, a radiolarian species indicative of upwelling (Table 12.1). 

The Q-mode cluster analyses dendrogram for spring 1977 (Figure 12.12) 
was divided into two cluster groups. The group labeled Bl, composed 
of stations that contained high concentrations of the benthonic foramini- 
feran B. Lowmant (> 100/m*), was present only in surface (0-25 m) samples 
collected along Transect III. The group labeled BIP, composed of samples 
that contain high concentrations of B. lowmant and pteropods, was present 
only in surface (0-25 m) samples. These groups appeared to correlate 
with the brackish water spring lens (Figure 12.7) and may be used as an 
indicator of that water. Table 12.3 illustrates that B. lowmant was an 
indicator of this spring low salinity lens. 

The Q-mode cluster analysis dendrogram for fall 1977 (Figure 12.13) 
was divided into four cluster groups. The group labeled Si was composed 
of samples that contained the pteropod Sptratella inflata. These samples 
were mainly nearshore (Station 1), surface (0-25 m) collections. The 
group S1-Hp, composed of samples that contained the pteropod Sptratella 
lesueurt and the radiolarian Hymentastrum profundun along with some 
other radiolarians, occurred in collections from outer shelf shallow 
(0-50 m) waters. The group labeled Bl, composed of samples containing 


common and abundant occurrences of B. lowmant, was collected throughout 
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the study area at various depths. The group labeled Gq, composed of 
samples that contained the planktonic foraminiferan species G. qutnqueloba 
was found in the outer shelf Transect III samples from 25 to 50 m. As 

G. quinqueloba was considered a member of the winter assemblage it was 
reasonable to expect it to be found at depth (Table 12.2). The S1-Hp 
group appeared to correlate with a wedge of higher salinity water (see 
Figure 2.30, Chapter 2). There appeared to be 2 tendency for some radio- 
larians to occur either mainly above or below the thermocline in the fall 


(Table 12.1). 


Niskin Sample (Discrete Depth) Data for General Microplankton Related to 
Physical Oceanography 


Trends of the General Microplankton Data 


The data from the Niskin samples may be seen in Table 2, Appendix K. 
Diatoms were dominant in all the samples taken from half the depth of the 
photic zone collected from the seasonal stations during 1977 except those 
from Station 1l/lilein the-spring and -Stations) 1/PR1;,.1/IV/) and3/IV -in the 
fall.= At’ Stations 1/IIi for spring and 1/III and 1/IV for the fall,. blue- 
green algae were dominant (with Trtchodesmtwn being the dominant genus at 
Station 1/III during the spring). At Station 3/IV in the fall, dinoflag- 
ellates were the dominant phytoplankter but this sample contained the low- 
est density of general microplankton recorded during the half-photic zone 
sampling for this year (Figures 12.14 - 12.16). Comparing 1977 data to 
that of the previous two years, it appeared that there was an order of 
Magnitude increase in general microplankton standing crop during the first 


two seasons of 1977. 


R-Mode Cluster Analysis 


The R-mode cluster analysis dendrogram for 19/77 Niskin seasonal data 


(Figure 12.17) illustrated a cluster labeled FCC (food chain cluster) that 
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separated the most abundant forms into a rough food chain. The centric 
solitary diatoms, centric colonial diatoms and pennate colonial diatoms 
form the primary producer group labeled d (diatoms) on the dendrogram 
(Figure 12.17). Directly below and associated with the diatom cluster 
were the primary herbivores labeled h (herbivores) including the calanoid 


copepods and naupliar larvae. 


Q-Mode Cluster Analysis — 


Two large groups appeared on the Q=-mode cluster analysis dendrogram 
for 1977 Niskin seasonal data labeled HD (high density) and LD (low density) 
(Figure 12.18). The samples in the high density (HD) group exhibited high 
densities of general microplankton (usually higher than 400,000 individuals/ 
mh, and fewer than seven taxonomic units (indicating low diversity). These 
high density samples were mainly winter and spring samples. The samples in 
the low density (LD) group exhibited low density of general microplankton 
(usually lower than 400,000 individuals/m?), and a high number of taxonomic 
units (about 12), suggesting higher diversity. These low density samples 
were collected during all seasons. General observations suggested that 
diversity of general microplankton at the half-photic zone depth showed 
a drastic drop during the first two seasons of 1977 when compared to the 
previous two years. Considering the apparent drastic increase in density 
and the apparent drastic decline in diversity, it appears that the first 
two seasons of 1977 were periods of eutrophism on the STOCS. This is con- 
sidered to be one of the most important aspects that should be dealt with 


in the future synthesis of these data. 


CONCLUSIONS 
1. The planktonic foraminiferans appear to be good indicators of 


seasonality with the presence of Globtgerina falconensts, G. pachyderma 
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Figure 12.17 R-Mode General Microplankton Dendrogram for 1977 Niskin Data. Group Names in Left 
Hand Column can be Found in Complete Form in Table 1, Appendix K. 
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Figure 12.18 Q-Mode General Microplankton Dendrogram for Niskin Data, 
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Key to Q-Mode General Microplankton Dendrogranm, 


Figure 12.18 Cont. 'd. 


In Code Names in Left Hand Column 


Niskin 1977. 
W = winter, 


SS = fall and four letter 


spring, 
sequence (such as BBAL) refers to specific tow 


a= 


whose station, transect and depth information can 


be seen in Table 1, Appendix K. 
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and to a lesser degree G. quinqueloba indicative of winter and G. bulloides 
and Globtgertnotdes ruber indicative of summer (when G. falconensts and 
G. pachyderma were absent from the fauna). 

2. The planktonic foraminiferans also appear to be indicative of 
surtace and shallow water intrusions onto the shelf from offshore (and 
appear as "fingers" or ponds of such intrusions on planktonic foramini- 
feran density contour maps). 

3. The radiolarians appear to be indicative of the same trends as 
stated for the planktonic foraminiferans. The radiolarians are also 
indicative of several other physical phenomena such as: upwelling, indicated 
by occurrences of ‘Spongotrochus: glactalts; deeper water movements, suggested 
by high density fingers or ponds of radiolarians at shelf-intermediate 
and deeper depths; and the provenance of these waters, such as from Gulf 
surface or shallow water indicated by the occurrences of Anthocyrttdtum 
etnerarta and Dtsolenta zanquebartea. 

4, General microplankton from Niskin samples suggest conditions were 
eutrophic on the STOCS during the winter and spring of 1977. This eutro- 
phism was apparently related to the dramatic upwelling on the STOCS during 
the winter and into the spring of 1977. 

5. Figure 12.19 illustrates the general oceanographic trends for 
1977 derived from the shelled microzooplankton and general microplankton 
data interpretation. The winter illustrated that ponds of shallow and 
deeper open-ocean Gulf water moved onto the STOCS probably due to eddies 
breaking off from the general southerly movement of the offshore wind 
driven current. Upwelling of deep open-ocean Gulf water occurred all 
along the STOCS at midshelf; this upwelled water then moved offshore at 
the surface resulting in eutrophism of the STOCS in winter. The spring 


figure illustrates that a lens of brackish water (from local and Mississ- 
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WINTER 1977 
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Figure 12.19 General Oceanographic Trends for 1977 from Shelled 
Microzooplankton and General Microplankton Data. 
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ippi River runoff) moved south across the STOCS with an offshore component 
at the surface that dragged surface and deeper open-ocean Gulf water 
shoreward under the pycnocline. Some of this "salt water wedge" of open 
Gulf water upwelled resulting in continued eutrophism in the STOCS in spring. 
The fall figure illustrates a general encroachment of open-ocean Gulf water 
throughout the water column. The nearshore surface currents in fall alter- 
nated north and south with a general deep bottom current to the north on 


the outer shelf, 
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ABSTRACT 


During 1977,108 one-liter samples: were collected :from the STOCS. 
These samples, which were preserved with 1% basic Lugol's fixative, were 
analyzed for ciliated protozoa using the Utermohl (1931) method. Of the 
86 protozoan species observed, 49 were tintinnids, 10 were oligotrichs, 
5 were foraminifera, 10 were radiolarian/acantharia and 12 were "other" 
protozoa. | 


Protozoa reached an abundance maximum in early spring (March-April). 
There was a second abundance peak in September which was thought to be 
abnormal and a result of Hurricane Anita, which passed through the area at 
that time. 


Oligotrichs were the most dominant group of protozoa on the STOCS. 
They were ubiquitous and abundant both spatially and temporally. The other 
protozoan groups tended to be less abundant and more restricted in space 
and time. 


_ Protozoan biomass ranged from 1 to 348% of the macrozooplankton biomass, 
indicating that the protozoa are a significantly component of the zooplank- 
ton community. 


Protozoan abundance was positively correlated with nannoplankton and 
silicate. Correlations with temperature, salinity, dissolved oxygen, net- 
phytoplankton, nitrate and phosphate were not significant but the salinity 
relationship with protozoans was negative suggesting a possible ecological 
relationship. 


13-3 


INTRODUCTION 


Marine protozoa have been generally ignored in most quantitative sur- 
veys of the flora and fauna of a given area, The reasons for this neglect 
are simple; the protozoa are generally too small to be collected with the 
larger-mesh-size nets normally used by investigators of zooplankton and 
they are ignored by those who study phytoplankton because most are non- 
photosynthetic. However, in recent years it has become clear that marine 
protozoa, especially the ciliates, comprise a significant fraction of 
the plankton community (Beers and Stewart, 1967, 1969, 1970, 1971; Johansen 
1976)", 

Marine ciliates are voracious predators onnannoflagellates (Spittler, 
1972; Blackburn, 1974; Heinbokel, 1977) and they in turn serve as food for 
macrozooplankters (Zsitzschel, 1967), including larval fish. Since the 
ciliates are most abundant during times of reduced net-phytoplankton (> 20 
um) abundance, it is probable that the ciliates serve as important links 
in the food web between the nannoplankton and macrozooplankton during these 
times because macrozooplankton generally are unable to utilize nannoplank- 
ton efficiently. 

Marine ciliates exhibit nitrogen excretion rates one to two orders ‘of 
magnitude greater than macrozooplankters (Johansen, 1976), hence they contribute 
significantly to the nitrogen budget of nearshore marine areas where they 
are most abundant. Their small size and rapid reproduction rates (Gold, 
1968, 1971, 1973a; Heinbokel, 1977) enhance their potential as a food source 
for macrozooplankters., 

In order to assess the role of marine protozoa in the food web of a 
particular area, information must first be gathered concerning the types 


and abundances of protozoa inhabiting that area, The kinds and amounts of 
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temporal and spatial variations in abundance should also be noted. In 
order to determine short-term and long-term effects of environmental per- 
turbations on the marine protozoa, both short-term and long-term studies 
of the protozoan populations should be made, Although several qualitative 
studies have been made concerning the marine pelagic ciliates of the wes- 
tern Gulf of Mexico (Borror, 1962; Balech, 1967), no quantitative data 


exist for this group of organisms. 


One-liter microzooplankton samples collected from the BLM-STOCS 
Transect II during 1975 and 1976 were later analyzedfor ciliated protozoa 
content but proved to be totally inadequate due to poor and inconsistent 
preservation by the buffered formalin used to fix the samples (Johansen, 
1978). Interpretation of the data was further hampered by infrequent 


sampling during 1975 when only three cruises occurred. 


The purpose of this study was to determine the kinds and abundances 
of ciliated protozoa on the South Texas Outer Continental Shelf (STOCS) 
throughout the course of one year. Seasonal changes in abundance were to 
be noted and biomass estimates for this fraction of the zooplankton com- 


munity were to be made, 


MATERIALS AND METHODS 


During three seasonal cruises in 1977, l-liter water samples were 
collected with a 50-2 Niskin bottle from the surface and from one half 
the depth ofthe photicezone at Stations «1, 2 land 3 jofMTransectsaL. sLL, 
III and IV on the STOCS. Also, during six monthly cruises in 1977, 1-2 
water samples were collected from the surface and from one half the depth 
of the photic zone at Stations 1, 2 and 3 of Transect II. These samples 


were preserved with 1% basic Lugol's fixative (Thompson, 1966). 
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A 500-ml aliquot of each 1-2 sample was placed in a graduated cylinder 
and allowed to settle for 24 hours, At this time, 400 ml were drawn off 
and the remaining 100 ml transferred to a Utermohl settling chamber, The 
ciliates were identified to species and enumerated. The foraminifera, 
radiolaria and acantharia were enumerated. Foli»xwing counting, the ali- 
quot was combined with the original sample, resettled, drawn down to 10 ml 
and archived. 

Biomass estimates were calculated by estimating the volume of the cil- 
iates (not including the lorica). Assuming a cell density of 1, ine approx- 
imately equals 10~° ug wet weight. Dry weight was assumed to be 13% of 
the wet weight (Beers and Stewart, 1970). Total dry weights (mg/m’) were 
calculated by multiplying the abundance of each species in the sample by 
its respective volume, converting to dry weight and summing the individual 
estimates. 

The Shannon-Wiener Index (Pielou, 1974) was used to calculate the 
species diversity of each sample. The Shannon-Wiener Index was calculated 
as follows: 

S 
Heys ered py evan ere 
= the diversity index of the sample; 
S = the number of species in the sample; 
py = the relative abundance of the ith species measured; 
In py = the natural log of pj. 
RESULTS AND DISCUSSION 

In the 108 samples analyzed, 86 protozoan species were observed. Of 
these, 49 were tintinnids, 10 were oligotrichs, 5 were foraminifera, 10 
were radiolaria/acantharia and 12 were "other" protozoan species. 

Species lists and abundances for each sample are presented in Appendix 
L. The number of individuals of the various groups per liter, the percen- 


tage of the total protozoa of each group represented, number of species per 
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sample, species diversity indices, and total dry weight of the protozoa 
are presented in Table 13.1. 

Table 13.2 indicates the distribution of the various species of 
Stations 1, 2 and 3. Values were obtained by averaging all data from each 
Station regardless of transect, month or depth. Table 13.3 indicates the 
Occurrence of the various species during the year. These values were 
obtained by averaging all data from each month regardless of transect, 
station or depth. Figure 13.1 shows the abundance of total protozoa for 
each station, depth and month for Transect II during 1977. Figures 13.2 
through 13.4 show this information for the three seasonal cruises during 
199 Ja 

Protozoa on the STOCS reached a maximum abundance in early spring 
(March and April-Figure 13.1), somewhat later than the time of maximum 
Score inshore in the Port Aransas shipping channel, where peak abun- 
dances occurred in January-February (Figure 13.5). This winter - early 
spring protozoan bloom was in stark contrast to that which generally occurs 
off the coast of Nova Scotia, where large numbers of protozoa are found in 
late summer, and early fall, July - September. (Johansen, 1976). In general, 
the inshore stations exhibited greater concentrations of protozoa (Figures 
13.1 - 13.4), which was to be expected, considering the higher nutrient 
and primary productivity levels to be found in more nearshore areas. The 
reasons for the rather large concentrations of protozoa at Station 3/II 
during March (Figure 13.1) were somewhat obscure but may have been related 
to an influx of nutrient-rich, highly productive Mississippi River water 
into the area. The large increase in protozoan abundance at Station 1/II 
during September (Figure 13.1) was thought to be a result of Hurricane Anita 
which passed through the area on 1-2 September. The storm apparently did 


not affect protozoan abundance at the offshore stations. The greatest con- 
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TABLE 13.1 
STATISTICAL DATA FOR THE 1977 PROTOZOA SAMPLES 


Explanation of Table: 


SACD - sample code 
S - station 
T - transect 
DATE - date 
TIME - time of sampling 
Z - depth of sample 
TAPL - total number of protozoa/ 
TTPL - total number of tintinnids/2 
TOPL - total number of oligotrichs/2 
TFPL - total number of foraminifera/2 
TRPL - total number of radiolaria/acantharia/2 
TMPL - total number of miscellaneous protozoa/ 
TPCT - tintinnids as percent of total protozoa 
OPCT - oligotrichs as percent of total protozoa 
MPCT - miscellaneous protozoa (including foraminifera, radiolaria, 
and acantharia) as percent of total protozoa 
NSPS - number of species/sample 
SDI - Shannon-Wiever species diversity index 
TDWI - total protozoan dry weight in mg/m° 
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TABLE 13.2 


AVERAGE ABUNDANCE OF PROTOZOA BY SPECIES AT STATIONS 1, 2 AND 3 DURING 1977 


(Numbers/2) 
Species Station 
uf 2 4 
Tintinnids 

Acanthostomella gracilis 1.1% 
Acanthostomella norvegteca 0,4* 
Amphortdes quadrtlineata 0.2 1,6* eke. 
Climacocylts sealarotdes bes ele 0.8% 
Codonellopsts amertcana 3.6% a Os 2 
Coxltella pelagtca 0.1% 
Dadaytella ganymedes Diep 0.9 2.0% 
Dadaytella jargensent 0.1% 
Dtictyoeysta lata Syaed 0.2% 
Eptplocyclotdes acuta Oe 1.4% v0 
Eutintinnus apertus 0,1* 
Eutinttnnus lasus-undae 1.4 20.0* 8.9 
Favella panamensts 0.3% 
Parundella attenuata 0.1% 
Parundella contea 0.1% 
Proplectella claparedet Die Le 
Proplectella subcaudata 0.1% 
Protorhabdonella curta Oe Veo 
Pseudometacylts ornata 0.3% Ore 
Rhabdonella brandtt 0.1% 
Rhabdonella canelata 0.2* 
Rhabdonella contea 0.1% 
Rhabdonella hebe Oi. L* 
Rhabdonellopsts triton 0.3% 
Salptngacantha undata 0.2% epee 
Salptngella acwninata 0.6 0.4 Ee bad 
Salptngella mtnuttsstma tari 
Steenstruptella gractilis Ook Os2 0.5* 
Stenosemella ventrtcosa 12.6% 0.4 
Tinttnntdtum tneertum 306.1% 3.4 0.9 
Tinttnnopsts acuntnata 29.4% 6.4 ou 
Tinttnnopsts brandtt 2.3% 0.1 
Tinttnnopsts compressa 17.6% 5.0 Tye 
Tintinnopsts dadayt 6.0% 2.0 
Tinttnnopsts dtrecta See OS 
Tinttnnopsts fimbrtata 0.1% 
Tintinnopsts lata 0.1% 
Tintinnopsts lobtancot 119. 8* Gh. 
Tinttinnopsts mtnuta 3.4% Sag 0.2 
Tinttnnopsts ovale 0.2% 
Tinttnnopsts parvula 2.8% Od 
Tintinnopsts radtx 0.2* 
Tintinmnopsts sacculus Perks O.% 
Tintinnopsts strtgosa 0.1% 
Tintinnopsts tocanttinensts 41.1% hg 0.1 
Tintitnnopsts tubulosa 0.8% Oa 


TABLE 13 22 sCOND A! D 


Species 


Tintinnids cont.'d 


Tinttnmnus tubulosus 
Undella hyalina 
Xystonella treforttr 


Oligotrichs 


Lohmantella ovtformts 
Strombtdtum acewntnatum 
Strombtdtum calkinst 
Strombtdtum conteum 
Strombtdtunm cornucoptae 
Strombtdtum ovale 
Strombtdtum strobtlus 
Strombtdtum suleatum 
Strombtdtum typteum 
Tontonta gractllima 


Foraminifera 


Boltvina strtatula 
Bucella frtgtda 
Cornusptra planorbts 
Globtgertna pachyderma 
Hastigerina pelagtca 


Radiolaria/Acantharia 


Aettnosphaera etchhornt 
Calacylas monumentum 
Ceratospyrts sp. 
Clathroconteum sp. 
Cubothalus regularts 
Litheltus: alveolina 
Lithomelltsa setosa 
Sphaerozoum punctata 
Spongosphaera streptacantha 
Zygoctreus ptsetcaudata 


Other Protozoa 


Dtdintum gtgantea 
Ephelota gemtnarta 
Euglypha loevts 
Euplotes minuta 
Euplotes sexcostatus 
Mesodintum rubrum 
Nassula mtcrospora 
Trarina fucus 
Trartna fusus 
Trartna gtgantea 
Trtcophyra columbtae 
Unidentified protozoa 


*Maximum Abundance 
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TABLE 1373 
AVERAGE PROTOZOAN ABUNDANCE (INDIVIDUALS/2%) BY SPECIES FOR EACH SAMPLING MONTH IN 1977 


Species Jan Feb Mar Apr May July Aug Sept Oct Nov Dec 

Tintinnids 

Aecanthostomella gractlts A et 2.6% 

Acanthostomella norvegtca 1.4% 

Amphortdes quadrtlineata Dae 

Climacocylts scalarotdes ie 

Codonellopsts amertcana 0. : 

Coxltella pelagteca 0.7% 

Dadaytella ganymedes 0.2 et 2.8% Wet ee ie, 0.7 

Dadaytella jorgensent 0.1% 

Dietyocysta lata 0. 

Eptplacyclotdes acuta 1 Seve. Ose 0.7 1.4 

Euttntimnus apertus 0.2% 

Eutintinnus lasus-undae Lee eer. Lowe oye Ah ee 1.4 

Favella panamensts 0.8% 7 

Parundella attenuata 0.2 

Parundetla contea 0.3% 

Proplectella claparedet ACTER OL? 

Proplectella subcaudata 0.1% 

Protorhabdonetla curta tee fee 3. ee LOR 0.5 Gra ees: 14 

Pseudometacylts ornata 0.8% 

Rhabdonella brandtt . 0.6% 

Rhabdonella canelata 0.7% 

Rhabdonella contea 1.2% 

Rhabdonella hebe 0, 2% 

Rhabdonellopsis triton Bove a eee 

Salptngacantha undata eet) 0.1 0.3% 

Salpingella acuminata ioe 

Salptngella mtnutisstma 0.5% 

Steenstruptella gractlts 0.4 Py 

Stenosemella ventricosa 280.0 1 

Tintinntdtum tneertum 520.0% sf 

Tintinnopsts acuntnata aan i 


90.2 I.3 wa Wome 9 Pes 
49.3% 


ST-ET 


TABLE 13.3 CONT. 'D 
Species Jan Feb Mar Apr May July Aug Sept Oct Nov Dec 


Tintinnids cont.'d 


Tintinnopsts brandtt 0.9 3.8% 

Tintinnopsts compressa S1.6S Sel, 0 chat 4.7 a0 toe 

Tinttnnopsts dadayt 1.8 21) 0.1 LOG * 

Tinttnnopsts dtrecta 8.6% 

Tintinnopsts fimbriata 0.2% 

Tinttnnopsts lata 0.2% 

Tinttnnopsts lobiancot On2 6:3 360 246.3% 

Tinttnnopsts minuta 8.4 OFS De) eee 

Tinttnnopsts ovale 0.2% Wee 

Tintinnopsts parvula be 2.0 U3 OFZ 

Tinttnnopsts radix Deol 0.2* 

Tinttnnopsts sacculus 2.0% 

Tinttnnopsts strigosa 0.3% 

Tintinnopsis tocanttnensts 

Tintinnopsts tubulosa Ore Ome O53 Sitesi 2 

Tintinmnus tubulosus Oe TO ee U 6 Gal es) 0.5 Les 

Undella hyalina Os, G3 ere aval 0.3 

Xystonella trefortt 0.7% BS 0.7 
Oligotrichs 

Lohmantella ovtformis SOc Ope ee 8 AG. SI tee ely OG 6.0 8.0 1005 SOLS =o.) eee 

Strombidtum accuminatum 1.6 2 Ohi oe/ ed 1.0 51.6% 0,9 6.4 

Strombtdtum catkinst 47.6 ALO eld 9.0*~ FeO 74.2 Bae 15.0 54.4 wpa | ae 41.4 

Strombtdtum conteum 63.4 LO, OIL el Ley 87.6 Wes 56.0 PAPAS NO Be 8 a uf pa 86.3 440.7% 

Strombtdium cornucoptae ee 0.8 (ew LG Ose eel oc 4.3 

Strombtdtum ovale B37 OOg tes Oe) B53 83.4 44.0 24./ 122.9: } 246,02 18704 oa 

Strombtditun strobilus B60 PU La. 0% 38 eo 625 i Geo 98 - Sa 6050 7 2a ee 

Strombtdtum sulcatun 194.8 SSRs PD paleo e Sedat Lda 89.23 123007% 45135. 136.6 6 645.6 

Strombtdtum typteum 42.2 4.5 1036.8* 354.6 125.8 48.7 20.0 eye yam eA LW Pe Pm os 

Tontonta gracillima Cone ad Ov ie 5) eB 6.0 3.0 Bre ed Sracd 4.1 Zee 


Alan i 


TABLE 13.3 CONT. 'D 


Species Jan Feb Mar Apr May July Aug Sept Oct Nov Dec 
Foraminifera 
Boltvina strtatula 0.3 Seth See One 
Bucella frigida 0.4% 
Cornusptra planorbts 0.2% 
Globtgertna pachyderma 0.6 2.5% Qal 0.3 0.1 0.3 0.7 0.3 
Hasttgerina pelagtca 0.6 Baek 0.7 0.7 
Radiolaria/Acantharia 
Acttnosphaera etehhornt 0.2* 
Caloeylas monwnentum 0.7% 
Ceratospyrts sp. 0.3% 
Clathrocontcum sp. 0.3% 
Cubothalus regularis 0.2% 
Lttheltus alvealina 0.2% 
Lithomellisa setosa 0.6 LiO*7 40.7 
Sphaerozoum punctata Ce Magee Ub ee 0.3 Os 
Spongosphaera streptacantha Use 0.7% 
Zygoetreus ptsetcaudata 0.2 1.0% 
Other Protozoa 
Dididtum gtgantea 0.8 Zt 0.7 0.9 
Ephelota gemtnarta 8:2 O02) 3D 5* a es 3 Shas 3.3. eke 
Euglypha ltoevts 0.2% iS FL056 
Euplotes mtnuta ies 6.7 110.1% 
Euplotes sexcostatus 4,0 22.4% 20.0 segs: 
Mesodintum rubrum 14.8 329% 926, 3% 3.0 29.0 cee 130.39 20n 7 
Nassula mterospora 0.4 T3952 e seta Jon Boel 
Trartna fucus 0.2 ieee 242 — 0.7 3 1.4 
Ttartna fusus 2235: © hOT 05373269 TS*r- 65-0 8 Or 0.7 
Ttarina gtgantea i i Ree Ped 9): at cane > 1.4 0.7 fee Ua bE: ug 
Trtcophyra columbtae Css Cu, 
Unidentified Protozoa 1.0% Os 


*Maximum Abundance 
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Figure 13.1 Abundance of Protozoa on STOCS, Transect Uy ASS a oe 
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Figure 13.2 Total Number of Protozoa/% Collected During the 
Winter Cruise-1977. 
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centration of protozoa in September occurred at Stations 1/III and 1/IV, 
which were the closest stations to the path of the hurricane. It was 
thought that increased mixing of the water as a result of the storm pro- 
vided the nutrients necessary for a phytoplankton bloom which was followed 
by the protozoan bloom, The hurricane did not appear to have much effect 
on the protozoan populations in the Port Aransas shipping channel unless 
the increased numbers found in October are interpreted as a delayed response 
(Figure 13.6). At any rate, no protozoan bloom was observed in the shipping 
channel during the fall of 197€ (Figure 13.6). Itis regrettable thatno com- 
parative data exist for this study. Until more data are available on the long- 
and short-term effects of environmental perturbations, much of the discus- 
sion above, and to follow, is purely speculative. 

The distribution patterns of the 1977 data reflected those of the 
1975-76 face (Johansen, 1978). For example, the data revealed 
that the oligotrichs, as a group, were widely distributed in space (Table 
13.2) and time (Table 13.3). Most of the oligotrich species were most 
common at the inshore stations (Station 1), but usually existed in consid- 
erable numbers all across the shelf, gradually decreasing in abundance with 
increasing distance from land. Oligotrichs appeared to be more abundant in 
March, September and December (September values may be abnormal because of 
Hurricane Anita). The tintinnid species, on the other hand, were more 
restricted in spatial and temporal distribution. For example, the hyaline- 
and sculptured-loricate forms (e.g. Acanthostomella, Dadaytella, Eutintinnus, 
Parundella, Propleetella and Rhabdonella) tended to inhabit more offshore 
regions while the agglomerate- and arenaceous-loricate forms (é.g. Codon- 
ellopsts, Tintitnntdtun, Tintinnopsts) tended to inhabit inshore areas 
(Table 13.2). Foraminifera were more common in inshore areas and tended 


to be most abundant in winter. Radiolarian/acantharia were almost totally 
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Figure 13.6 Comparison of Protozoan Abundance in the Port Aransas Shipping Channel During Fall 1976 


and 1977. 
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restricted to the two offshore stations and were slightly more abundant 
during the cooler months of the year. The "other" protozoa were somewhat 
intermediate in abundance and distribution between the ubiquitous oligo- 
trichs and the rare foraminifera-radiolaria/acantharia. 

Figure 13.7 shows that the oligotrichs were the most dominant marine 
protozoa. They sarticularly dominated the offshore station community. 
There is practically no information in the literature for this group 
of organisms. The reason for this lack of knowledge is that they are 
rarely seen. Though closely related to the tintinnids, the oligotrichs 
possess very delicate loricae which will not pass intact through any form 
of filtering apparatus (nets, screens, etc.). 

Tintinnids constituted the greatest numerical percentage of the 
protozoan community primarily during the winter at the inshore stations 
(Station 1, all transects) (Figures 13.8 and 13.9). There was a secondary 
increase in the percentage of tintinnids at Stations 1/11, 1/III, 1/1V 
and 2/IV in September (Figure 13.8) but again, this may have been a result 
of the hurricane. The higher percentage of tintinnids at Station LAP in 
May and 1/II in March and April may have again r2flected the effects of 
an influx of Mississippi River water into these areas. The percentage of 
tintinnids comprising the protozoan community in 1977 ranged from 0 -— 86.9%. 

Protozoan biomass as a percentage of macrozooplankton biomass (based 
on unpublished data supplied by Dr. Taisoo Park) ranged from 1% (Station 
3/11, January) to 348% (Station 1/III, September) (Figure 13.10). Off the 
coast of Nova Scotia, protozoan biomass usually exceeded 10% of the macro- 
zooplankton biomass and during August the protozoan biomass was twice that 
of the macrozooplankton biomass (Johansen, 1976). On the STOCS in Septem- 
ber, the protozoan biomass was at least half that of the macrozooplankton 


at 5 of the 12 stations (Figure 13.10). 
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Figure 13.7 Oligotrichs as Percent of Total Protozoa: Transect II. 
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Figure 13.10 Protozoan Biomass as Percent of Macrozooplankton 
Biomass: 
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Figure 13.11 Protozoan Biomass as Percent-of Macrozooplankton Biomass: 
Iransect II. 
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It is tempting to speculate that the hurricane damaged many of the 
larger macrozooplankton while increasing the nutrient availability for 
the phytoplankton, which subsequently bloomed. The protozoa were immediately 


able to respond to this increased food source and therefore, they too bloomed. 





There is no hard evidence to support this speculated phytoplankton - proto- 
zoa — macrozooplankton relationship. Some extra protozoan samples taken at 
Station 1/II in October showed that the increased abundance of the protozoa 
remained until October (Figure 13.1). Unfortunately, no macrozooplankton 
samples were collected in October. 

By November, the number of individuals of protozoa (Figure 13.1) as 
well as the percentage of protozoan biomass as opposed to macrozooplankton 
biomass (Figure 15.11) were greatly reduced. It has always been a diffi- 
cult problem in a field study of limited scope to determine whether the 
protozoa abundance drops off because the protozoa were absent or due to heavy 
grazing by macrozooplankters., From the data recorded here, only speculative 
statements could be made about subsequential blooms of phytoplankters, 
protozoa and macrozooplankters. The fact that the protozoan biomass 
has: at times exceeded the macrozooplankton biomass by a factor of three 


indicated that the protozoa were a significant fraction of the zooplankton 





community and as such deserve further study. 

Species diversity indices varied erratically both temporally and spa- 
tially (Figures 13.12 and 13.13). These indices were somewhat higher than 
those calculated for protozoan communities off the coast of Nova Scotia 
where indices rarely were greater than 1.5 (Johansen, 1976). This was in 
agreement with the theory that the number of species increases with decreas- 
ing distance from the equator. 

Correlation coefficients were calculated for relationships between 


protozoan abundance and various physical and chemical parameters measured 
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on the same cruises during which: ciliated protozoan samples were collected. 
These correlation coefficients are listed in Table 13.4. None of the cor- 
relation coefficients were particularly high, One of the stronger rela- 
tionships was with nannoplankton, which would be expected since nannoplankton 
is.a natural food source of protozoa. This direct correlation between 
protozoa and nannoplankton was also evident in data from Nova Scotia 
(Johansen, 1976). 

It seemed reasonable to assume that since protozoa were more abundant 
during the cooler months of the year, temperature, in some way, must hee 
affected their distribution. However, no correlation was evident. Off the 
Nova Scotia coast, for example, the annual summer bloom of tintinnids did 
not occur unless there was a sudden drop (6°C) in water temperature in mid- 
summer (Johansen, 1976). Yet, on a yearly basis, there was no significant 
correlation with temperature. The same situation occurred in trying to 
correlate salinity with protozoan abundance (Table 13.4). The correlation 
was negative, but not significantly so. Samples collected on a daily basis 
from the Port Aransas shipping channel during January-March 1977, however 
showed a very clear, inverse correlation between salinity and protozoan 
abundance (Figure 13.14). It was difficult to sort out such relationships 
with so few samples from the STOCS. 

In order to understand the protozoa better, it may be necessary to: 

a) collect and analyze more samples during a shorter period of time; b) 
correlate the abundance of individual species with the various parameters; 
or c) study the effects of such parameters under laboratory conditions as 
has been done by others (Gold, 1973b; Gold and Morales, 1974), The use of 
non-parametric statistics may also be useful. 


A lack of correlation with dissolved oxygen was not surprising. 
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TABLE 13.4 


CORRELATION COEFFICIENTS OF PROTOZOAN ABUNDANCE AGAINST 
VARIOUS PHYSICAL AND CHEMICAL PARAMETERS 





Parameter Correlation Coefficient 
Temperature | 0.039 
Salinity -0.030 
Dissolved Oxygen 0.062 
Nitrate 0.144 
Phosphate 0.235 
Silicate ORs Fy 
Net-Phytoplankton Chlorophyll a 0.095 


Nanno-Phytoplankton Chlorophyll a 0,555 
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Although protozoa generally exhibit high rates of oxygen utilization 
(Johansen, unpublished data), it was not likely that oxygen levels in the 
water column of the STOCS were ever limiting. 

The meaning of the correlations with nutrients was unclear. High 
dissolved silicate values indicated a lack of diatoms in the water, Johan- 
sen (1976) has noted that tintinnids, at least, were not present during 
diatom blooms off Nova Scotia. Correlations with nitrate and phosphate 
were not significant. 

There is increasing evidence (Hirota and Szyper, 1976; Beers et al., 
1977) that stressed ecosystems tend to go from a macrozooplankton —- net- 
phytoplankton community to a microzooplankton - nannoflagellate community. 
If this is the case, a frequent and long-lasting monitoring of the changes 
in abundance and composition of the planktonic community (phytoplankton, 
microzooplankton, macrozooplankton) may most quickly reveal detrimental 


short-term and long-term effects on the health of the entire STOCS ecosystem. 


CONCLUSIONS 
1. Protozoa on the STOCS reached a maximum in abundance in early 


spring (March-April). 





2. A second protozoan abundance peak was noted in September 1977 but 
this peak was thought to be abnormal and a result of Hurricane Anita which 
passed through the area at that time. 

3. Oligotrichs were the dominant. protozoan group on the STOCS, both 
spatially and temporally. . The other protozoan groups tended to be more 
restricted both in space and time. 

4. Protozoan biomass ranged from 1 to 348% of the macrozooplankton 
biomass, indicating that protozoa are a significant component of the zoo- 


plankton community. 
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5. Species diversity was high during most of the year and varied 
erratically. 

6. The abundance of protozoa was positively correlated with nanno- 
plankton chlorophyll a and with silicate. Correlation with salinity was 
negative, but not significant. Correlations with temperature, dissolved 
oxygen, net-phytoplankton chlorophyll a, nitrate and phosphate were not 
significant. Although some data exist that indicate a significant corre- 
lation between protozoan abundance and temperature, salinity and net-phyto- 
plankton, the relatively low sampling frequency in this study may have 


masked such relationships. 
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ABSTRACT 


This report details the significant findings of the third year (1977) 
of zooplankton studies on the South Texas Outer Continental Shelf. When 
grouped by depth related stations, transects and seasons, the data show 
many of the trends observed in past years. 


Biomass and zooplankton numbers increased shoreward during all seasons. 
Averaged for the entire year, Transect I produced the highest biomass and 
Transect II the highest numerical abundances; Transects III and IV generally 
produced lower abundances of zooplankton than Transects I and II. 


The best represented major taxa were Copepoda, Ostracoda, Amphipoda, 
Cnidaria, Mollusca, Chaetognatha, Larvacea and Cladocera. Ostracods rivaled 
the copepods in abundance, especially during the winter and spring. Clado- 
cera and Mollusca were most abundant in the spring at nearshore stations. 
Amphipoda, Cnidaria, Chaetognatha and Larvacea occurred in moderate numbers 
throughout the area and their numbers were generally greatest in the spring. 


Copepod numbers increased shoreward from winter to spring; however, 
their abundances relative to the total zooplankton decreased from winter to 
spring indicating that other forms increased faster. About 75% of the 
copepods were calanoids and 25% cyclopoids. Calanoid relative abundances 
increased shoreward throughout the year. Female copepods maintained aver- 
age relative abundance of about 50% throughout the year. In winter, devel- 
opmental stages in the copepods were 40-60% of the copepod population, but 
decreased to less than 25% in the spring. A total of 150 species of adult 
female copepods were identified in 1977: 97 calanoids, 49 cyclopoids, and 
4 harpacticoids. The most abundant species were Paracalanus quastmodo, 
Clausocalanus furecatus and Clausocalanus jobet (Calanoida), and Corycaeus 
amerteanus, Oncaea mediterranea and Otthona plumtfera (Cyclopoida). 


Species diversities, coefficients of equitability (E) and numbers of 
adult female copepod species increased seaward. In general, equitabilities 
were quite variable and considerably lower than the theoretical maximum of 1.0. 


Changes in temperature, salinity and chlorophyll a values showed some 
correlation with changes in zooplankton abundances. The maximum abundances 
of zooplankton occurred at nearshore stations in the spring when tempera- 
tures were in the upper half of their annual range and salinities were at 
their yearly low. In general, zooplankton abundances were highest at sta- 
tions where chlorophyll a values were highest during each season. 


Data for the three years of this study were compared to those from 
samples collected for three years between 1963 and 1965. Numerical abun- 
dances and relative abundances of component taxa, followed similar patterns 
of spatial and temporal distribution tin both studies. However, at the 
species level, the small, estuarine copepods Paracalanus crasstrostrts, 
Acartta tonsa and Otthona nana were more abundant in the historical samples 
than in the recent samples. 
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INTRODUCTION 


The zooplankton project was initiated in October 1974 to provide basic 
data which, in conjunction with concurrent studies of other biological and 
physical parameters, would characterize the pelagic marine environment of 
the South Texas Outer Continental Shelf (STOCS). Many of the basic features 
of the zooplankton community were revealed after the first year of study. 
However, to better define the complex nature of zooplankton distribution, 
the study area was subjected to a second (1976) and then a third (1977) 


year of intensive investigation. In all three years, data were gathered 





from 12 sites (Stations 1-3, all transects) on a seasonal basis (winter, 
spring and summer). Following the analysis of data collected in 1975 
some changes in the data gathering regime were deemed appropriate. 
Initially, two replicate samples were taken during both day and night 
at each station. Since the entire water column was sampled by oblique tow, 
little difference was noted between the data from day and night samples. 
Consequently, a diel-flexible program was adopted in which only one series 
of replicate samples were taken per station per cruise. The data further 
revealed considerable variation in results between replicate tows; there- 
fore, in 1976, three replicate samples were collected during each station 
occupation and the two with the most similar volumes of water filtered 
were analyzed. This produced better agreement of the data between repli- 
cates. In 1976 the sampling frequency on Transect II was increased by two 


monthly cruises between each seasonal cruise for a better look at short- 





interval changes in the zooplankton community. Further refinements required 
by contract in 1976 included the discontinuance of the wet volume biomass 
measurements, the addition of Foraminifera and Radiolaria counts and the 


separation of the phylum Mollusca into component lower taxa. Data collec- 
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tion for the Foraminifera and Radiolaria was discontinued when it was found 
that the mesh size (233 um) of the sampling gear was too large to adequately 
sample them. 

This report concerns results of the third consecutive year (1977) of 
the zooplankton studies. The sampling regime and analytical requirements, 
evolved by 1976, were continued without modification in 1977. In addition 
to the normal sampling design, a sample was also collected at each station 
for taxonomic enumeration in conjunction with the trace metals and hydro- 


carbon sampling programs for zooplankton body burdens. 


METHODS 
Sampling 

The study was based on zooplankton samples collected from 12 stations, 
three on each of four transects. All 12 stations were sampled during the 
three seasonal sampling periods. In addition to the seasonal sampling, 
the three Transect II stations were sampled during the six monthly sampling 
periods. During each sampling, each station was occupied once and three 
replicate samples were taken. 

Standard 1-m NITEX nets of 233 um mesh size were used. A digital 
flowmeter (Model 2030, GENERAL OCEANICS) was mounted centrally in the mouth 
of the net to determine the amount of water filtered in each tow, and a 
time-depth recorder (Model 1170-250, BENTHOS) was attached near the net to 
determine the maximum sampling depth. The water column was sampled from 
the surface to near-bottom by means of oblique tows of about 15-minutes 
duration. During the tow, ship speed was maintained constant at about 
2.5 knots. The volume of water filtered was calculated from flowmeter 
and tow duration data. After the tow, the net was rinsed down using the 


deck hose. The contents of the cod-end were drained through a 100 um NITEX 
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net, transferred to a jar, and preserved with buffered formalin. 


Sample Analysis 


Two comparable samples were selected for analysis from the three 
replicate samples taken at each station according to the similarity in the 
amount of water filtered and in the settling volume of organisms. The 
samples were split with a FOLSOM plankton splitter to achieve adequate 
subsamples for archiving and analysis. The subsample size for biomass 
determination was adjusted to the capacity of the crucible to be used 


O50 mi). 





For dry weight determination, subsamples were washed with tap water 


through tared PYREX 50-ml filtering crucibles with fritted discs of 40 to 





60 um pore size. Suction filtration at 10-15 psi was used to expedite 
removal of interstitial water. The subsamples were dried in the cru- 
cibles at 55°C to a constant weight, and the weight of the crucible plus 
sample was recorded to the nearest milligram. Ashing to a constant weight 
was accomplished in a muffle furnace (BLUE "M", Model M25A-1A) at 550°C, 
and the weight of crucible plus ash was recorded to the nearest milligram. 
The weight of the empty crucible was subtracted, yielding the subsample 
dry weight and ash weight from which the ash-free dry weight was calculated. 


Each subsample was sorted into major taxa in a BOGOROV plankton sort- 





ing tray, and all the individuals were counted. The copepods, which were 





usually the numerically dominant form, were most intensively studied. They 
were first separated into three sub-orders (Calanoida, Cyclopoida, and 
Harpacticoida), and then each sub-order was separated into adult females, 
males and immature copepodid forms for enumeration. All adult female 
copepods were identified to species and enumerated. 


The species diversity index was calculated for each sample on the 
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basis of adult female copepods and according to the Shannon-Weaver func- 
tion. The coefficient of equitability (E) was calculated for each sample 


using the formula: 


Betas 


where E = coefficient of equitability, H(S) = observed species diversity, 


and H eects) = log2S (maximum species diversity for a given S). 


RESULTS AND DISCUSSION 

Field data for each sample analyzed, including date and time of col- 
lection and volume of water filtered are recorded in Table 1, Appendix M. 
Zooplankton biomass in terms of dry weight (mg/m*) and ash-free dry weight 
(mg/m?) along with subsample size used to measure these values are also 
included in Table 1, Appendix M. Since replicate samples yielded similar 
biomass measurements in most cases, these results were averaged to simplify 
interpretation and presentation. Subsamples, analyzed for taxonomic comp- 
osition and numerical abundances, ranged in size from 1/1024 to 1/64 and 
yielded from 1226 to 5832 zooplankters per subsample (Table 2, Appendix M). 
The numbers of organisms per subsample were converted to numbers of indi- 
viduals per volume of water filtered and are considered later in greater 


detail. 


Biomass 

Biomass data, considered as the mean dry weight of two replicate 
samples from each station (Stations 1-3, all transects), ranged from 73.5 
mg/m*> at Station 1/I in the spring, to 1.9 mg/m* at Station 2/IV in the 
summer of 1977 (Table 14.1, Figure 14.1). Monthly data (Stations 1-3, 
Transect II) ranged from 53.8 mg/m* dry weight at Station 2/II in May-June | 


Co.2 Gs mg/m* at Station 3/II in November (Table 14.2, Figure 14.2). The 
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1977 annual mean for seasonal data was 23.9 mg/m*, and the annual mean 
for data collected monthly was 20.7 mg/m*. The highest biomass weight 
and the annual mean weight recorded in 1977 were very similar to those 
reported in the previous two years of this study. 

Certain patterns of spatial and temporal biomass distribution reported 
in 1975 and 1976 were also recognized in the 1977 data. To put the 
relationship between biomass and station depth (or distance from shore) 
into perspective, the seasonal data from all four transects were averaged 
Station by station (Table 14.3). This condensation of data showed that 
in 1977 the most productive station was Station 1 with an annual mean of 
ix 2 mg/m®* dry weight and the least productive was Station 3 with 14.7 
mg/m°. On a seasonal basis, the highest biomass value was 50.1 mg/m° at 
Station 1 in the spring, and the lowest was 6.1 mg/m° at Station 3 in the 
summer. Seasonal changes in biomass distribution were pronounced at all 
Mmiree Stations in 19/7. ° Stations’ 1 land 2 (the nearshore and intermediate 
stations) produced springtime values of 50.1 and 46.3 mg/m°, respectively, 
which were more than double those of winter. Conversely, at Station 3, 
the biomass decreased by half from winter (25.4 mg/m) Rorsprine als 7 
mg/m). This springtime decrease in biomass at Station 3 was also observed 
in 1975 and 1976, but during those years the winter values were much smaller 
(14.3 mg/m*, 1976, and 13.4 mg/m’, 1975) and the springtime decreases 
lower in amplitude. Spatial variations in biomass abundance were charac- 
terized by a shoreward increase in dry weight in the spring and summer in 
1977. In the spring biomass values increased aburptly from 12.7 mg/m° at 
Station 3 to 46.3 mg/m° at Station 2. and 50.1 mg/m? atvoration 1. Shore- 
ward increases were also well defined in the summer when the greatest 
increase took place between Station 2 (9.8 mg/m°) and. Station it (23.7 mg/m°*). 


Spatial relationships in the winter, however, show that biomass values 
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TABLE 14.3 


3 
AVERAGE SEASONAL BIOMASS (DRY WEIGHT, mg/m ) FOR EACH STATION 
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increased seaward. When winter biomass values for 1975 and 1976 were com- 
pared to those for 1977, it was found that they were fairly similar from 
Wear €Oi year at Stations is ana 2, .but. the biomass value’ at.Station 3 (25.4 
mg/m*) in 1977 was about twice as large as those of earlier years (Table 
14.3). Whereas the biomass data, compared by stations, showed well defined 
patterns of temporal and spatial distribution, biomass values compared by 
transects were poorly patterned. 

When all three stations were averaged for each transect by season for 
1977 (Table 14.4), biomass values ranged from 48.8 mg/m* on Transéct I in 
the spring, to 6.8 mg/m* on Transect III in the summer. The annual mean 
for each transect suggests the presence of a southerly directed gradient 
of declining biomass production. In other words, the highest annual mean 
Ceeal mg/m*) was found on Transect I, the second highest (26.3 mg/m°) on 
Transect IL, and! third (17 .6 mg/m°) on Tuansect 2il, “andethe Towest (17.1 
mg/m?) on Transect IV. T 
it was interrupted by occasional values on Transect III or IV which were 
higher than those on Transects lor II. However, when the annual means for 
all three years were averaged by transect, Transect I (with 28.9 mg/m’) 


was clearly the most productive and Transect IV (with 18.9 mg/m*) the least. 


Numerical Abundance of Zooplankton 
Zooplankton numbers, considered as the mean of two replicate samples 
from each station ranged from 11,030.4 per m°> at Station 1/II in spring, 


> at Station 2/IV in the summer of 1977 (Table 14.5, Figure 


to 433.9 per m 
14.3). Monthly data (Transect II) ranged from 11,030.4 per m®* at Station 
1/II in May-June (spring), to 490.7 per m* at Station 3/II in April (Table 


14.6, Figure 14.4). The 1977 annual mean number for data collected season- 


ally was 2636.5 per m?, and the annual mean for data collected monthly was 
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Figure 14.3 The mean number of zooplankters per m from two replicate 
samples collected seasonally in 1977, from Stations 1-3, 
all transects. 
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NUMERICAL ABUNDANCE OF ZOOPLANKTON PER mn? 
ON TRANSECT II IN 1976 AND 1977 
MEAN OF TWO SAMPLES AT EACH STATION 
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2178.1 per m*. The highest number (11,030.4 per m°) of zooplankters 

found from seasonal data in 1977 was considerably larger than extreme 
numbers collected seasonally in 1976 (7872.1 per m*, Station 1/III, summer) 
or in 1975 (8380.8 per m*, Station 1/1, spring). It is however, similar 


eOrStar ton Lr: August) reported in 


to the largest number (12,141.5 per m 
1976 monthly samples. It should be noted that these extremely high numbers 
occurred at the same station, two months apart, in consecutive years (May- 
June, 1977 and August, 1976), and that in both instances, the cladoceran 
genus Pentlta was very abundant. The annual mean number (2636.5 per m*) 
of zooplankters collected seasonally in 1977 was about one-third again as 
large as the numbers reported in 1975 (1691.8 per m°) and 1976 (1744.3 per 
m?), but the annual means (2178.0 per m°, 1976 and 2178.1 per n. 1977) 
for both years of monthly data were almost exactly the same. 

When averaged by station (mean of four transects) for each season 


+a SD 


distribution similar to those found in the biomass. Station l was the 
most productive with an annual mean number of 3929.3 zooplankters per m° 
and Station 3 was the least productive with 1290.0 per m?. On a seasonal 


3 at Station 1 in the 


basis, zooplankton numbers ranged from 6932.1 per m 
spring to 944.8 per m? at Station 3 in spring. Seasonal fluctuations in 
zooplankton numbers were well defined at all three stations in 1977. 
Stations 1 and 2 produced springtime numbers of 6932.1 and 5049.1 per m° 
respectively, which were more than double those of winter. The numbers at 
Station 3, however, reduced by half (from 1836.1 to 944.8 per m?) between 
winter and spring. These seasonal changes in zooplankton numbers agree 

in direction of change and amplitude with the changes observed in the 


biomass. Spatially, zooplankton numbers increased shoreward in all three 


seasons. The most abrupt changes took place in the spring when the number 
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TABLE 14.7 


3 
AVERAGE SEASONAL NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m 
FOR EACH STATION 
MEAN OF FOUR TRANSECTS FOR EACH STATION 
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(5049.1 per m°?) at Station 2 was five times as large as that at Station 

3 (944.8 per m*). Although shoreward increases in biomass were evident 

in 1975 and 1976, the difference in numbers between successive stations 

was never more than three-fold. In contrast to the variations in zooplank- 
ton numbers when compared by station and season, the differences in numbers 
between transects were small. 

Viewed as the average of three stations for each transect and season 
(Table 14.8), zooplankton numbers ranged from 6137.3 per m*’ in spring on 
seensece Ii,” to’ 717 76) per m? in summer on Transect III. In 1977, all four 
transects showed two to three-fold increases from winter to spring and 
decreases of varying magnitude from spring to summer. Transect II was much 
more productive in the winter (2456.5 per m*) and spring (6137.3 per m’) 
than the Bhar three transects (1600-1750 per m*, winter and 3600-3750 per 
ns spring). In the summer, Transects I and II , with 3482.5 and 1969.6 
zooplankters per m*, respectively, were weil separated in terms of abundance 
from Transects* iif and IV, with 717.6 and 794.9 per m?, respectively. The 
three year means for all the transects (Table 14.8) showed that zooplankton 
numbers were slightly lower on Transects III and IV (1920.1 and 1674.1 per 
m?, respectively) than on Transects I and II (2156.9 and 2345.7 per m>, 
respectively). 

The copepoda as a group accounted for a significant portion of the 
Bhs anktod throughout 1977. They were not, however, as abundant in pro- 
portion to the total zooplankton as they were in 1975 and 1976 (Table 14.9). 
In 1975, the Copepoda accounted for over 704 of the zooplankton numbers in 
half the samples taken, and in only 3 of the 36 seasonal samples did they 
account for less than 50%. Percentages were somewhat lower in 1976, but 


still the Copepoda accounted for more than 60% of the zooplankton in 21 of 


the 36 seasonal samples with only seven samples composed of less than 504 
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TABLE 14.8 


3 
AVERAGE SEASONAL NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m 
FOR EACH TRANSECT 
MEAN OF THREE STATIONS FOR EACH TRANSECT 
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copepods. In 1977, copepod percentages rarely exceeded 60% (only 11 
replicate sets), while values of less than 50% were found from more than 
half of the combined winter and spring samples. Monthly data from Tran- 
sect II (Table 10) indicated that in 1977 relative abundance of copepods 
was. usually less than 50% at all three stations from January-February 
through May-June and greater than 70% from July to December. In general, 
copepod percentages were lower in the spring than the winter or summer of 
all three years. This pattern indicated that taxa other than the Copepoda 
increased in-numbers more rapidly in the spring. Taxa other than the 
Copepoda which were significant because of their large numbers, or consis-— 
tent numerical contribution to the zooplankton community, included the 
Ostracoda, Amphipoda, Cnidaria, Mollusca, Chaetognatha, Cladocera and 
Larvacea (Table 3, Appendix M). 

The ostracods, composed almost entirely of the species Euconchoecta 
ehterchtae were the most or second most abundant taxon throughout the 
study area in the winter of 1977 and they ranked first or second in abun- 
dance in half the spring and summer samples. In 1977, the ostracods were 
highly Poot oan: weed about Station 2 on all four transects in the spring. 
In fact, the highest number (4377.0 per m*) recorded for the year occurred 
at Station 2/I in the spring. In the winter, the ostracods were uniformly 
distributed throughout the study area with the highest number (2155.7 m°) 
at Station 3/II. In the summer the ostracods appeared in much lower num- 


3 (Station 3/II; they were most 


bers, of which the largest was 295.8 per m 
concentrated Jat “Station! 3 on all four transects. 

The Mollusca as a group ranked near the Copepoda and Ostracoda in 
terms of numerical abundance. The greatest concentration (2350.1 per m*) 


of molluscs in 1977, occurred in the April monthly samples from Station 


1/II in concert with the maximum abundance (2699.1 per m?) observed in 
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1976. In all three years of the study, they were best represented (300- 
500 per m*) in the spring at nearshore stations when large numbers of 
pelecypod and gastropod larvae were reported. During the winter and summer 
molluscan abundances (30-100 per m?) were lower than in spring, but evenly 
distributed throughout the area. 

The Chaetognatha, composed primarily of small neritic species, were 
uniformly distributed throughout the study area during each season. Their 
numbers increased from about 60 per m°* in winter to about 200 per m* in 
spring. Monthly data from Transect II showed that their abundances were 
greatest in May-June, even at Station 3 where the abundances of zooplankton 
numbers and biomass were lowest. 

The Amphipoda, primarily hyperiids, did not rank with the Copepoda, 
Ostracoda, and Mollusca as large contributors to zooplankton numbers. 

They did, however, occur consistently throughout the area, with centers 


w 


ey es Aly aes se 
251n Che espeings 


of abundance (50-100 per m?) formed "at "Stational oF 
The Cnidaria, composed mainly of hydromedusae and the zooids of 

Siphonophores, were uniform in number throughout the area during each 

season. Gineer and spring abundances (30-50 per m*) were twice as large 

as summer values at nos bats tions Monthly data for cnidarian medusae 

on Transect II showed that, during an annual cycle, abundances were 

highest from January-February to July and lowest between August and December. 
The Larvacea, pelagic tunicates, primarily of the genus Otkopleura, 


> (Station 1/IV, spring) to-2.0 per m? 


ranged in numbers from 261.3 per m 
(Station 1/III, spring) without forming recognizable patterns of temporal 
or spatial distribution. The thaliacean genus Doltolwm, a pelagic tunicate, 
occurred with fair regularity throughout the year and produced an annual 


maxima of 96.7 per m* in March at Station 2/II. Closely related to Doltolum, 


the genus Salpa occurred sporadically and was most abundant (90.0 per m’) 
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in August at Station 3/II1. 

The Cladocera, composed mainly of the genus Pentlta, produced extreme 
abundances (2251.7 per m°, Beacon wyliswna 200.9 per ie Station 27118) 
in the 1976 summer seasonal samples. Their greatest abundance (10,331.11 
per m?) during the three year study was found in the August 1976 sample 
from Station 1/II. In 1977 they were most abundant (4711.0 per m°?) at 
Station 1/II in the May-June seasonal cruise and produced numbers over 
1000 per m® at Stations 1/III, 2/III and 1/IV. In 1975 the largest number 
recorded (328.2 per m’, Station 1/1, summer) was much lower than in fol- 
lowing years. Pentlta is small and soft-bodied and therefore probably 
does not contribute significantly to the dry-weight biomass. This would 
explain the apparent discrepancies in the relationship between total zoo- 
plankton numbers and biomass weights during periods when Penzita were very 
abundant (summer 1976, Stations 1/II and 1/III; spring 1977, Stations 
eet / lure. 2f/TET and 1/IV). 

The decapod genus Luctfer occurred throughout the study area, but it 
was most concentrated (about 30 per m?) at Stations 1 and 2 in the spring 
and summer of all three years. Barnacle larvae, consisting of naupliar 
and cyprid stages, occurred sporadically without forming patterns of 
seasonal or spatial concentrations. They did, however, consistently pro- 
duce annual maxima at Station 1/I in all three years (1/1./ per m?, spring 
1975, 55.9 per m*, winter 1976, and 253.8 per m*, winter 1977). Larval 
forms of crustaceans including decapod zoea, crab megalops, stomatopod 
larvae, mysids and some forms not assignable to specific taxa, collectively 
contributed minor numbers to the zooplankton, which were typically highest 


in May/June and September (Table 3, Appendix M). 


Numerical Abundance of Copepods 


Copepod numbers, considered as a total of adults and developmental 
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stages, ranged from 6743.3 per m* (Station 1/1, September) to 130.6 per m° 
(Station 2/IV, September) in 1977 (Table 14.11). Numerical maxima reported 
in 1976 (4156.7 per m*, Station 1/IIL, September) and 1975 (7683.1 per m°, 
Station 1/I, May-June) differed from each other and the one reported for 
1977, in terms of amplitude, seasonality and location. Compared to the 
numbers reported throughout the study area, these maxima represented 
localized extremes in copepod abundance. For the most part, area-wide 
averages of copepod numbers (500-1000 per m?) were fairly similar through- 
out the nine seasonal cruises of the three-year period. Data averaged by 
transects for each station (Table 14.12) showed that patterns of seasonal 
distribution were irregular. In spring 1975, copepod numbers at Station l 
increased sharply while they declined at Stations 2 and 3. In spring, 
1976, copepod numbers at Station 2 increased while numbers at Stations 1 
and 3 declined, .and in. spring, 1977, copepod numbers at Stations | and 2 
increased while numbers at Station 3 declined. In spite of the somewhat 
inconsistent nature of depth-related distributions on a seasonal basis, 
annual means for each station suggested a strong shoreward gradient of 
increasing copepod numbers during each of the three years. Data averaged 
by stations for each transect (Table 14.13) showed less variability among 
transects than among stations. Annual means for each transect suggested 
that in 1975 and 1977 copepod numbers tended to follow biomass values in a 
southerly decline from Transect I to IV. In 1976, however, annual means 
were higher on Transects III and IV than on Transects I and II. In gen- 
eral, monthly data (Table 11.14) indicated that on Transect II copepods 
were somewhat more abundant in 1977 than in 1976. The highest numbers 
(4745.5 per m*) recorded in 1977 occurred at Station 1/II in May-June and 
the lowest (335.1 per m?) occurred “ar. Station®3/ li in April. 2 in toga. 


two well formed peaks of copepod abundance occurred at Station 1. The 
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TABLE 14,12 


AVERAGE SEASONAL NUMERICAL ABUNDANCE OF COPEPODS PER m> FOR EACH STATION 
MEAN OF FOUR TRANSECTS FOR EACH STATION 
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TABLE 14.13 


3 
AVERAGE SEASONAL NUMERICAL ABUNDANCE OF COPEPODS PER m FOR EACH TRANSECT 
MEAN OF THREE STATIONS FOR EACH TRANSECT 
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3 
NUMERICAL ABUNDANCE OF COPEPODS PER m 


ON TRANSECT IIT IN 1976 AND 1977 
MEAN OF TWO SAMPLES AT EACH STATION 
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first and largest (4745.5 per m°) peered in May-June and the second 
(2044.3 per m*?) occurred in November. Copepod numbers at Station 2/II 
ranged from 500 to 1000 per m° except in May-June and September when they 
increased to over 1/00 per f° 1° THe temporal variation of copepod numbers 
at Station 3/II followed the pattern established by the biomass and total 
Peeotantroa in that copepods were more abundant in the winter than in 

the spring. 

Three suborders of the Copepoda (the Calanoida, Cyclopoida and Har- 
pacticoida) were identified in this study. The orders Calanoida and Cyclo- 
poida together accounted for more than 99% of the Copepoda in most of the 
1977 samples (Table 6, Appendix M). Harpacticoid percentages in 1977 were 
generally less than 1% and ranged from 18.2 (Station 2/IV, September) to 
less than 0.05% (Station 2/1V, May-June; 1/11, July; 1/11, August; and 
1/II, September). The relative abundances of Calanoida in 1977 ranged 
from 98.4 (Station 1/1, September) to 41.4% (Station 3/1II, May-June). 
Since the harpacticoid fraction of the Copepoda was small, cyclopoid rela- 
tive abundances varied proportionately with the calanoids. Throughout 
the nine seasonal cruises (1975-1977), calanoid relative abundances increased 
shoreward while cyclopoid percentages increased seaward. This trend was 
not obvious, however, in spring 1977 when-cyclopoid percentages were high 
throughout the study area. 

Mature female copepods accounted for about 50% of the copepod popula- 
tion in each season of 1977 (Tables 14.15 and 14.16). In summer, relative 
abundances of females ranged from 60 to 70% at Station 3 with percentages 
declining shoreward on all transects. They were, however, fairly consis- 
tent throughout the study area in the winter (40-50%), and spring (50-60%). 
Within the Calanoida, males generaliy occupied less than 15% of the popu- 


lation, but among the Cyclopoida, the percentages of males were frequently 


TABLE 14,15 


PERCENTAGE COMPOSITION OF ADULT FEMALES IN TOTAL COPEPODS AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977 
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TABLE 14.16 


PERCENTAGE COMPOSITION OF ADULT FEMALES 
IN TOTAL COPEPODS AT EACH STATION 
MEAN OF TWO SAMPLES AT EACH STATION 
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greater than those of females and immatures combined (Table 6, Appendix M). 
Immature copepods maintained uniform relative abundances (about 50%) within 
the copepods during all three seasons in 1975 and 1976 (Table 14.17). In 
1977, immature forms, although well represented, occupied a noticeably 
smaller percentage of the copepod population, especially in the spring 
(generally less than 25%). The relative abundance of immature copepods 
was higher than 50% onlysatrStation 1/1 in winter and Stations 1/Ig 1/12 
and 1/III in summer. Monthly data for Transect II showed that percentages 
of immature copepods fell between 40 and 60% in most of the 1976 samples, 
but in 1977 their percentages were considerably lower (Table 14.18). 
Furthermore, the annual mean percentage (29.0%) of immature copepods in 

the 1977 monthly samples was only about half as great as the annual mean 
percentage. (49.1%) in 1976. It should be noted that aside from the indi- 
cations of temporal and spatial variations found in 1977, the seasonal 
data for all three years clearly demonstrated the persistent occurrence of 
immature copepods, which seemed to indicate a fairly uniform copepod pro- 
duction throughout the area all year long. 


In 1977, adult female copepods ranged in numbers from 2807.9 per m° 


(Station 1/II, May-June) to 46.9 per m? 


(Station 1/III, September), with 
area-wide averages that fluctuated around 500 per m® (Table 14.19). The 
monthly data from Transect II showed a peak of female abundance (2807.9 
per m?) at Station 1 in May-June 1977 which was comparable to a similar 
peak (1769.1 per m°) that occurred a month earlier in 1976 (Table 14.20). 
Otherwise, the temporal and spatial distribution of adult females was 
generally similar between the two years. Each species was caréfully enum- 
erated to estimate its relative abundance on the basis of adult females. 


During 1977, a total of 150 species of adult female copepods were 


identified: 97 calanoid species, 49 cyclopoid species and 4 harpacticoid 
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PERCENTAGE COMPOSITION OF IMMATURES IN TOTAL COPEPODS 
ON TRANSECT IIT IN 1976 AND 1977 
MEAN OF TWO SAMPLES AT EACH STATION 
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TABLE 14.19 


NUMERICAL ABUNDANCE OF ADULT FEMALE COPEPODS PER m> AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977 
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NUMERICAL ABUNDANCE OF ADULT FEMALE COPEPODS PER m 
ON TRANSECT II IN 1976 AND 1977 

MEAN OF TWO SAMPLES AT EACH STATION 
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species (Table 7, Appendix M). Calanoid..species: which consistently 
accounted for a significant fraction of the 1977 copepod population were™ 
ranked in declining order of abundance: Paracalanus tndtcus, Paracalanus 
quastmodo, Clausocalanus jobet, Clausocalanus fureatus, Paracalanus acule- 
atus, Temora turbtnata and Centropages veltftcatus. Three other species, 
which were often very abundant in estuarine areas, appeared in highly 
localized, large abundances in 1977. These species were Acartta tonsa 
(787.5 per m?, Station 1/II, May-June), Centropages hamatus (253.4 per m°, 
Station../LL,..March).,..and.dcartta..lilljeborgiz.{181.3..per in u.Station VT, 
September). 

Paracalanus indteus and Paracalanus quastmodo are so similar morpho- 
logically and in distribution that for the purpose of data analysis their 
numbers were summed and reported under the classification "Paracalanus 
parvus group" (Tables 14.21 and 14.22). The maximum abundance (1178.9 per 
May~June) reported for this group in 19// was similar 
in magnitude and location of occurrence to the maximum number (1125.3 per 
m?, Station 1/II1, May-June) reported in 1975. In 1976, however, their 
aS peaked (1502.4 per m*) at Station 1/IV in January-February. The 
maxima for all three years represented localized extreme numbers, with 
average abundances centered around 200 per m?. Spatially, this group 
showed a shoreward increase in numbers which was usually most pronounced 
in May-June. Considered on a monthly basis on Transect II (Table 14.22) the 
Paracalanus parvus group occurred in the greatest concentrations (more 
than 1100 per m?) at Station 1 between April and May-June of 1977 and in 
April (more than 1500 per m°) of 1976. 

Ranked second in abundance, Clausocalanus jobet was slightly larger 
in general density than Clausocalanus furcatus in 1977, but in 1975 and 


1976 it was relatively low in numbers. Spring 1977 and 1976 data showed 
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TABLE 14.21 


NUMERICAL ABUNDANCE OF Faracalanus indicus AND Paracalanus quastmodo 
PER m AT EACH STATION 
MEAN OF FOUR SAMPLES. FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977 
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LADLE 14.22 


NUMERICAL ABUNDANCE OF Paracalanus tndicus AND Paracalanus quasimodo 
ON TRANSECT IT IN 1976 AND 1977 
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well formed concentrations of Clausocalanus jobet about Station 2, and 
summer results for all three years illustrated strong concentrations at 
Station 3 with a complete lack of occurrence at most of the shallow sta- 
tions. Monthly data for Transect II showed that in 1976 patterns of 
spatial and temporal distribution of Clausocalanus jobet were poorly 
formed, but in 1977 they produced spring peaks at Stations 1 and 2 and 
winter and summer peaks at Station 3. Clausocalanus furcatus, a typical 
oceanic calanoid, was well concentrated at the seaward stations in summer 
1975. and 1977 .(Table-14.23). In’ 1976,-while»still primarily concentrated 
at Station 3, the spring and summer data showed a strong shoreward increase 
in their numbers on Transect IV. A similar strong shoreward increase in 
this species on Transect II appeared in the July and August 1977 monthly 
data with numbers in excess of 300 per m? occurring in both months at 
Statiton~—lL.iCfabiles 4024). 

Paracalanus aculeatus was regular in occurrence but without discern- 
ible patterns of abundance in winter and spring 1977. Their greatest 
concentrations during the three years occurred in the summer with maximum 
abundances produced at Station 1 in 1975 and 1976 (219.8 per m*, Station 
1/1 5.1975; and. S50 9aner m?, Station LLLL..1976)..1 in guumer 197/ their 
numbers were well concentrated about Station 2 with the annual maximum 
(186.5 per m*) occurring at Station 2/II. 

Temora turbtnata, typically a nearshore form, was not well represented 
in the winter of all three years and in the spring of 1975 and 1976. In 
1977, spring abundances at Station 1 (average of all four transects) aver- 
aged 194.6 per m*® in contrast with 1.5 per m> in 1976 and 21.0 per m* in 
1975. Similarly, summer 1977 abundances at Station 1 were larger than pre- 
vious years with the annual high value (689.0 per m°) occurring at Station 


1/I. Annual averages for each station on Transect II (collected monthly) 
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TABLE 14724 


NUMERICAL ABUNDANCE OF Clausocalanus furcatus PER ee 
ON TRANSECT It IN 1976 AND 1977 
MEAN OF TWO SAMPLES AT EACH STATION 
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showed that Temora turbtnata was most abundant at Station 1 in both 1976 
and 1977. 

Centropages veltftcatus occurred with fair consistency throughout 
the study area with the best defined distributional patterns and greatest 
abundances (over 200 per m*) occurring at Station 2 in the spring of 1976 
and 1977. However, in 1975, seasonal data showed a shoreward gradient of 
increasing numbers in all three seasons. Annual averages for each sta- 
tion in the moneed y data for Transect II indicated a shoreward increase 
of Centropages veltftcatus numbers during both 1976 and 1977. 

The most abundant cyclopoid copepods in the 1977 data, ranked in 
declining order of abundance, were Coryeaeus amertcanus, Otthona plumt- 
fera, Oncaea venusta, Oncaea mediterranea and Farranula gractlts. Cory- 
caeus amertcanus was, in all three years poorly represented (generally 
less than two per m°) in the summer. It was somewhat more abundant in 
winter, and well represented in the spring, particularly at Station 1/III 
15/./ per m’) in 1975; at Station 2/II (90.2 per m?) in 1976, and at 
Station 1/II (477.6 per m?) in 1977. Monthly data from Transect II, aver- 
aged by station for 1977 showed a strong shoreward gradient of increasing 
numbers. 

Otthona plumtfera was most abundant at the offshore stations in the 
summer of all three years; however, monthly data from Transect II indicated, 
on the basis of annual averages for each station, maximum concentrations 
about Station 2 in both 1976 and 1977. Abundances of Oneaea venusta were 
variable both spatially and seasonally. In 1975 the greatest numbers 
(124.2 per m°?) occurred at Station 3/III in summer; in 1976 (176.7 per m?) 
at Station 1/IV in summer; and in 1977 (181.0 per m?) at Station 2/I in 
spring. In general, numerical abundances were distributionally erratic 


in the winter and spring, but formed seaward gradients of increasing numbers 
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in the summer of all three years. As with Oithona plumtfera, monthly data 
from Transect II showed annual mean concentrations of Oncaea venusta to be 
largest at Station 2. 

The numbers of Oncaea medtterranea recorded at each station during 
all three years were Bh cet invariably lowest at Station 1 (all transects) 
with values increasing in a seaward direction. Temporally, Oncaea medt- 
terranéa was most equally distributed throughout the area in winter, with 
a reduction of occurrences at Station 1 in the spring and with almost no 
representation at Stations 1 and 2 in the summer. Monthly data showed 
that Oncaea medtterranea was well concentrated at Station 3 throughout the 
year inpooth 19/76 and 1977. 

Farranula graetlts was not as well represented in 1977 as in previous 
years; however, trends of seasonal and spatial distribution of abundance 
were in agreement. Winter occurrences were rare at Station 1 and abundances 
were low throughout the area. In the spring, their numbers increased 
somewhat but patterns of regional distribution were still poorly defined. 
Maximum abundances of Farranula gractlis occurred in the summer with the 
largest average numbers occurring at the deepest stations. Monthly data 
from Transect II showed that the largest numbers of Farranula gracilis 


occurred in July and August, between seasonal cruises, ati Stations | and 


2 in) bOth 1976 ana 9778 Therefore, annual means from monthly data reflected 


a greater general abundance of this species at Station 2 than was apparent 


from strictly seasonal data. 


Species Diversity 


The number of adult female copepods identified, number of copepod 
species found, species diversity index (based on adult female copepods), 


and coefficient of equitability (calculated from the diversity index for 
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each station) are presented in Table 10, Appendix M. In general, the 
trend for diversity indices and equitability coefficients to increase 
with depth and species numbers, which was observed in 1975 and 1976, 
continued in 1977. The highest species diversity (4.74), coefficient of 
PASS eecly (0.7797), and number of species (68) occurred together at 
Station 3/I in the spring along with one of the lowest numbers of female 
copepods (151.6 per m’). The lowest overall diversities and equitabilities 
occurred in the summer seasonal samples. The lowest station by station 
values occurred in the monthly samples on Transect II where the lowest 
diversity (1.28), equitability (0.3480) and number of species (14) were 
found at Station 1/II in April along with one of the larger numbers of 


female copepods (1303.4 per m’). 


Interrelationship Between Zooplankton and Environmental Parameters 


As in the past two years of the study, those physical and biological 
parameters, measured by other investigators, which had the greatest poten- 
tial for interrelationships with the zooplankton oene temperature, salin- 
ity and chlorophyll a measurements. Suriace values for temperature and 
salinity and mean water column values for chlorophyll a are considered in 
the discussion below. 

On a seasonal basis, water temperatures in the winter of 1977 were 
lower than in either 1975 to 1976 and showed a seaward gradient of increas- 
ing temperatures. Spring temperatures in 1977 were very uniform throughout 
the area and more comparable to 1975 spring values than those of 1976 which 
were about 2° higher. In the summer, 1977 temperatures were higher by an 
average of 1-2°C than in preceding years. Generally speaking, zooplankton 
numbers, biomass values and the relative abundances of individual taxa are 


poorly correlated to temperature on a station by station basis. Ina 
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broader sense, however, springtime increases in the zooplankton gearesuend 
directly to the increase in temperature at Stations 1 and 2. A further 
increase in temperature by summer was usually accomplished by reductions 
in biomass and zooplankton numbers. One exception to this generalized 
pattern occurred at Station 1/I (in summer 1977) where large values were 
recorded for both biomass (61.6 mg/m*) and zooplankton numbers (7433.9 

per m*, largely composed of immature cakanoids) in the summer when temp- 
eratures were highest. The monthly data from Transect II showed that at 
Stations 1 and 2 temperatures and zooplankton abundances increased simul- 
taneously until temperatures reached springtime values; then the zooplank- 
ton varied in abundance with a net decline as temperatures approached 
summer levels. In the summer a second peak of zooplankton numbers (pri- 
marily copepods) occurred at all three stations. The biomass at Station 
3 showed an inverse relationship to temperature in 1977 in that winter 
values for biomass and zooplankton numbers (primarily ostracods) were 
highest when temperatures were lowest and decreased with increasing temp- 
eratures. However, zooplankton numbers (primarily ostracods and the 
copepod Clausocalanus furcatus) increased again in September 1977 when 

the temperature was at its yearly maximum. 

In 1977, salinity values varied seasonally in the same pattern observed 
in earlier years. That is, salinities decreased throughout the area between 
winter and spring, then increased from spring to summer. Zooplankton abun- 
dances at Stations 1 and 2 increased from winter to spring in conjunction 
with reduced salinities. The largest biomass values in seasonal samples 
accompanied low spring salinities at Station 1/I and 1/II. Similarly, 
zooplankton numbers, comprised primarily of ostracods, cladocerans, and 
copepods (Temora turbinata and Paracalanus parvus group), were also very 


high during the spring at Stations 1/I and 1/IlI. Zooplankton abundances 
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at Station 3 correlated poorly with changes in salinity in that, biomass 
decreased from winter to spring as salinities decreased but continued to 
decrease from spring to summer as salinities increased. Zooplankton num- 
bers, however, fluctuated throughout the seasons in fair agreement with 
changes in salinity. In the monthly data zooplankton biomass and numeri- 
cal values at Stations 1 and 2 increased from winter to spring as salini- 
ties gradually decreased. Between May-June and July, zooplankton values 
abruptly decreased to about 20-25% of the May-June values. This was 
accompanied by approximately a five parts-per-thousand increase in salin- 
ity. Throughout the rest of 1977 salinities at Stations 1 and 2 remained 
well above springtime levels, and zooplankton abundances remained close to 
the July levels. Some correlation between salinity and the zooplankton 
could be seen within individual seasons. For instance, in the winter and 
spring zooplankton abundances generally increased shoreward along each 
transect accompanied by decreasing salinities. In the summer, however, 
the data appeared grouped in opposing corners of the study area, separated 
by a line from Station 1/IV in the southwest corner to Station 3/I in the 
northeast corner. Below the line in the southeast corner, salinities were 
at their annual maxima (36 ppt) and zooplankton abundances were at their 
lowest. Above the line in the northwest corner, salinities decreased 
northward accompanied by an increase in zooplankton abundances. In general, 
maximum zooplankton abundances in 1977 occurred in the spring at the 
shallow stations when salinities were the lowest for the year and tempera- 
tures were in the upper half of their range. 

Chlorophyll a values decreased seaward during all seasons of 1977 
in conformity to the findings of past years. Winter values at all sta- 
tions were the highest for the year in 1977. At Stations 2 and 3 chloro- 


phyll a values generally declined from winter through spring and summer, 
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but at Station 1 the values on most transects were higher in the summer 
than in the spring. At Stations 1 and 2 chlorophyll a values declined 
from winter to spring as biomass and zooplankton numbers increased. In 
spite of this apparent inverse seasonal relationship, chlorophyll a values 
were highest at stations where zooplankton abundances were highest. a 
the summer, however, chlorophyll a values showed an increase at Stations 
1/11, 1/III and 1/IV while zooplankton abundances showed a sharp decline. 
At Stations 1/I chlorophyll a was very low in summer when zooplankton 
values were among the highest of the year. In the monthly data from 
fransect II chlorophyll a values showed a progressive decline from Sta- 
tion. 1 to Station 3 throughout the year. The data for zooplankton abun- 
dance showed the same trend in most months. During the annual cycle, 
changes in chlorophyll a data were poorly correlated to changes in zoo- 
plankton abundance at Stations 1 and 2. However, at Station 3, changes 
in chlorophyll a were directly related to changes in zooplankton abundances. 
Linear correlation coefficients of the 1977 zooplankton data against 
the three physical and biological parameters considered above, generally 
supported the relationships discussed (Table 14.25). Correlation coeffi- 
cients based on seasonal data were somewhat lower than those for the 
monthly data and probably reflected the inability of such widely-spaced 
samplings to properly accommodate natural lag periods between changes in 
physical parameters and the zooplankton community. Of the zooplankton 
data tested for linear relationships, the total number of zooplankton, 
numbers of Chaetognatha, and numbers of the Paracalanus parvus group 
showed strong but negative correlation to salinity. On the other hand, 
Clausocalanus fureatus, an oceanic species, displayed only a moderate, 
though positive correlation to salinity. Good positive correlations 


occurred between forms abundant near shore, such as the Mollusca and the 
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TADLE 14.26 


CORRELATION COEFFICIENTS FOR CERTAIN BIOLOGICAL AND HYDROLOGICAL DATA 


COLLECTED SEASONALLY FOR THE ENTIRE STUDY AREA AND MONTHLY ON TRANSECT II IN 1977 
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Paracalanus parvus group, and the chlorophyll a data. These results, 
expressed statistically, support many of those suggested by visual exam- 
ination of the data. Strong correlations between certain zooplankton data 
and chlorophyll a and salinity values suggested that land drainage, by 
lowering salinities at nearshore stations, provided nutrients which sup- 
ported phytoplankton blooms and ultimately increased zooplankton produc- 


tLon, 


Comparison of Recent BLM-OCS and Historical Zooplankton Studies 


"Historical zooplankton" refers to samples collected from 1963 to 
1965 from the Texas continental shelf. These samples were originally 
analyzed for larval penaeid shrimp; then stored until 1975 when samples 
from three transects (two with four stations and one with three stations), 
located within the BLM-STOCS study area, were analyzed for zooplankton 

axonomic composition and abundance. Except for biomass weights, which 
were not measured, the historical samples were analyzed following the 
procedures described in the methods section above. Historical samples 
were collected one per station, at monthly intervals using a 0.4 meter, 
wire screen net (GULF-V); whereas the recent samples were collected both 
monthly (on Transect II) and seasonally (all four transects) using a 
l-meter nylon net. Some differences in data from the two studies may be 
attributable to these differences in sample collection methods. 

In general, more similarity than dissimilarity appeared in the results 
of the two studies. Viewed as the annual mean for each station, the range 
of numerical abundances (3595 to 909 per m°) in the historical zooplankton, 
fell within the range of annual means (4122 to 844 per m°) reported from 
Transect II monthly data collected in the recent study. Further, patterns 


of historical zooplankton abundance showed a seaward decline in numbers 


\ 
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and a seasonal increase during the spring months, in agreement with the 
results of the recent study. The major difference in data from the two 
studies was found in the results for the total zooplankton at the deepest 
stations. Seasonal fluctuations in historical zooplankton abundances at 
the deepest stations increased from winter to spring in conformity with 
the results from the shallower stations. In the recent study, however, 
abundances at the deepest stations decreased from winter to spring. This 
suggested that the zooplankton population at the deepest (73 m) historical 
stations was more like the zooplankton at the intermediate depth (45-90 m) 
stations, than at the deepest (90-135 m) stations in the recent study. 

As was found in the recent BLM-OCS results, copepods accounted for 
50-65% of the historical zooplankton numbers except in the spring months 
when other forms were more abundant. Further, the same groups which were 
abundant in the recent study (ostracods, mollusc larvae, chaetognaths, 
and larvaceans) were generally well represented in the historical samples. 
Patterns of temporal and spatial distribution among these taxa also were 


in close agreement between the two studies. 





Among the copepods the relative abundances of calanoids (about 75%), 
cyctopoids (about 252}, and harpacticoids (less than 1%), together with 
seasonal and spatial variations in their relative abundances, were similar 
between the studies. Percentages of adult copepods and immatures also 
followed similar seasonal and spatial trends in both studies. Most of 
the species found in recent samples were also found in historical samples. 
The numerically abundant calanoids Paracalanus tndtcus, Paracalanus quast- 
modo, Clausocalanus fureatus and Temora turbtnata were, in terms of abun- 
dance and distribution, very similar in both studies. However, the small 


estuarine species Acartta tonsa and Paracalanus crasstrostrts were more 
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abundant in the historical samples than in the recent study. Among the 
most abundant cyclopoids, Otthona plumtfera produced similar patterns of 
abundance and distribution in both studies. The small estuarine species 
Otthona nana along with Oncaea media, a small form well represented 
throughout the area, were the most abundant cyclopoids in historical 
Samples; whereas, the larger species Corycaeus americanus, Oncaea venusta 
and Oncaea medtterranea were usually the most abundant cyclopoids in the 
recent study. 

In conformity with the findings in recent BLM-OCS results, the 
species diversity indices and coefficients of equitability increased sea- 
ward along with the numbers of copepod species. Differences in species 
composition between the two studies may, in part, be attributed to the 
differences in sampling gears and sampling depths which were discussed 


earlier. 


CONCLUSIONS 

1. Zooplankton abundances in terms of both biomass and number dis- 
played a considerable degree of spatial and temporal variations and these 
variations were progressively extensive toward shore. 

2. The zooplankton usually showed a seaward decrease, and this 
decrease was highly pronounced in spring and summer when the zooplankton 
generally increased to an annual maximum at Stations 1 and 2 and decreased 
to the lowest annual value at Station 3. 

3. Copepods were the most abundant group, comprising approximately 
20% of the zooplankton by number. When the zooplankton increased in 
Spring and summer, the relative abundance of copepods decreased, indica- 
ting that other organisms were increasing faster than copepods. 


4. Numerically important groups other than copepods were Ostracoda, 
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Amphipoda, Cnidaria, Mollusca, Chaetognatha, Cladocera and Larvacea. 
Ostracods were most abundant at the mid-depth and deep stations and 
Cladocera and Mollusca, near shore in the spring. Amphipoda, Cnidaria, 
Chaetognatha and Larvacea usually showed no discernible distributional 
patterns, spatially or temporally, throughout the area. 

5. About 754 of the copepods were calanoids, 25% cyclopoids, and 
less than 1% harpacticoids. Percentages of calanoids were at their high- 
est in the winter and summer, cyclopoids, in the spring. In copepods 
the adult females maintained a relative abundance of about 50% throughout 


the year. Developmental stages accounted for 40-60% of the copepods in 





winter and summer, but dropped to less than 25% in spring. 

6. The most abundant calanoid species were Paracalanus indicus, 
Paracalanus quastmodo, Clausocalanus furecatus and Clausocalanus jobet. 
The first two species were abundant at shallow stations while the latter 
two were abundant at deep stations. The most abundant cyclopoid species 
were Corycaeus amertcanus, Oneaea mediterranea and Otthona plumtfera. 
The first was abundant near shore and the latter two were abundant off- 


shore. 





7. Species diversity indices and coefficients of equitability, 


based on adult female copepods, generally increased seaward in conformity 





to the number of species. 

8. Of the other biological and physical data obtained at the time 
of zooplankton collection, salinity and chlorophyll a values seemed to 
be most closely correlated with the zooplankton. This correlation was 
most readily discernible in spring when the zooplankton was highly produc- 
tive in low-salinity water. 


9. A comparison of data from historical samples with the three 
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years of BLM-OCS data show more similarity than dissimilarity in the 

abundance and taxonomic composition of the zooplankton. The fact that 
smaller forms and some estuarine species of copepods were more abundant 
in historical samples may be the result of the differences in sampling 


gear employed and location of stations sampled. 
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ABSTRACT 


Neuston samples were collected on nine cruises on the South Texas 
Outer Continental Shelf (STOCS) during 1977. The samples were analyzed 
taxonomically and for standing crop and tar values. All three of these 
attributes showed high variability. Seasonal trends in abundance for 
Many groups, both invertebrates and vertebrates, showed good agreement 
with 1976 patterns. Species groupings for invertebrates also agreed well 
with 1976 data. 


Average dry weights for all tows on a single cruise ranged from 9.37 
gms per 1000 m* in December to 79.98 gms per 1000 m*? in March. Tar values 
averaged along only Transect II ranged from 8.33 gms per 1000 m? in August 
to greater than 70 gms per 1000 m* in March. 


A total of 77 decapod taxa were identified in the 1977 samples. The 
decapod larvae reached a peak in the spring and fall seasonal cruises. 
Concentrations were generally higher at night than during the day. Deca- 
pod species diversity was also generally higher at night. 


The greatest abundances of fish eggs occurred in the spring. Fish 
larvae were most abundant during July. A total of 71 taxa of larval fishes 
were collected during 1977. In general, more fish eggs were captured during 
the day than during night tows, while the fish larvae showed the opposite 
trend. 
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| INTRODUCTION 
The purpose of this study was to perform a taxonomic analysis of the 


neuston community occupying the upper 15-20 cm of the water column at 











specified locations sampled on a regular basis over the STOCS. This 
taxonomic analysis, which included quantitative enumeration of species, 
dry weight and ash-free dry weight determinations and weight of tar, was 
designed to characterize existing environmental conditions prior to pos- 
sible environmental perturbations which might occur in the future as a 


result of offshore drilling for oil and gas. 





The neuston environment and its organisms are important to the water 
column ecosystem in that they occupy a relatively thin skin of the ocean 
surface where air-sea mixing initially occurs. Many potential pollutants 
are thought to enter the oceans through this route, and any biological 
impact might first manifest itself in changes in the neuston. 

Although the neuston defies a strict biological definition in terms 
of species, there are certain taxonomic groups which are commonly found 
in the upper 15-20 cm of the water column during significant portions of 
each day. There is considerable variability not: only in the abundance of 
neuston, either as total numbers of organisms or in terms of dry weight, 
but also in its taxonomic composition. This is due, in part, to diel 
vertical migration, but is also probably due to various types of environ- 


mental heterogeneity. Therefore, day-night sampling is done to minimize 





the former variation, but the latter source of variability is not generally 
monitored. 

In this report, an attempt was made to identify the variations in 
numerical abundance of the various taxonomic categories of neuston in 
relation to diel, seasonal and geographic considerations as they existed 


during 1977 in the sampling area. In addition, an attempt was made to 
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analyze for relationships between species as co-occurring groups and to 


determine significant temporal patterns. 


Literature Survey and Previous Work 


It is only within the last 15 years that much has become known about 
marine neuston, although the neuston of freshwater ponds and pools has been 
studied since Naumann first applied the term to surface film organisms in 
1917 Zaitzev,11970)). 

Marine neuston has been studied fairly extensively in the Black Sea 
and Sea of Azov (Zaitsev, 1961, 1968, 1970) and in the North Sea, Norwegian 
Sea, and subtropical Northeast Atlantic (Hempel and Weikert, 1972). Neuston 
studies in most other areas, however, have been limited, usually concen- 
trating on specific taxonomic groups. These include various reports on 
aspects of Mediterranean neuston Hale ech eee of pontellid copepods of 
the Pacific (Heinrich, 1969, 1971), and ichthyofauna of the subtropical 
Eastern Atlantic (Hartman, 1970). 

No complete quantitative faunal analysis of neuston samples has been 
published. Although Weikert's (1972) study of the zooplankton of the sub- 
tropical Atlantic came close, it omitted several major zooplankton groups 
as coelenterates and tunicates, and did not provide identifications of 
species of calanoid copepods. 

Two recent unpublished manuscripts presented the most complete quant- 
itative and detailed analyses of neuston organisms to date. The first, 

a study of neuston of the Northwest Atlantic (Morris, 1975), compared the 
zooplankton in the neuston with the near-surface zooplankton and reported 
on definite seasonal and diel cycles of neuston biomass. The area of study 
included the southeastern Gulf of Mexico and Caribbean Sea as well as the 


northwestern Atlantic between Bermuda and Nova Scotia. The second was a 
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M.S. thesis by Berkowitz (1976). This study compared the neuston and 
near-surface zooplankton in the northwestern Gulf of Mexico in oceanic 
waters off Texas above the 1000-fathom bottom contour of the continental 
slope zone. The neuston in this area appeared to be relatively impover- 
ished compared to plankton concentrations one meter below the surface. 
The above two studies did not, however, include detailed analyses of 
fish larvae and eggs or decapod larvae, as in the present BLM study. 

Other neuston studies in the Gulf of Mexico have been sparse and 
incomplete. Zaitsev (1970) reported on neuston from the Gulf of Mexico, 
which he found to be poor in areas of upwelling, where biomass (wet fresh 
weight) did not exceed 100-200 mg/m’, but where the water converges in 
the center of the Gulf the wet-weight biomass reached 410 mg/m°. 

Jeffrey et al. (1974) reported on relative abundance of pelagic tar 
in the Gulf of Mexico from neuston samples but did not report on the 
biotic aspects of the neuston. A cursory study of the latter was reported 


on briefly, however, in Pequegnat et al. (1976). 


METHODS 

Field 

Field sampling was carried out under two different schemes. The 
winter seasonal cruise used the net from the 1976 program. This net had 
a2mxi1n opening and yielded one sample per tow. Starting with the 
March monthly and for the remainder of 1977, a net 2 m x 0.5 m partitioned 
into four equal areas by vertical bars was used. Each section had a 
separate net so it was possible to collect four samples per tow. All four 
samples from each tow were analyzed for the March and April cruises. The 
agreement among the four "replicates" for all six tows was compared in 


detail for the March samples and the results were reported in the Second 


15-6 


Quarterly Report, 1977. No systematic bias was found in any of these com- 
parisons and the agreement within the sets of four was very good. Starting 
with the spring seasonal samples two net chambers were randomly selected 
and analyzed. The values used for analysis represented averages of four 
samples for March and April and averages of two samples from Spring to 
December. 

The mesh size of the four nets was 505 um. After each tow 
the nets were rinsed down and each cod end was emptied into a separate jar. 
The jars were filled with 10% formaldehyde solution (4% formaldehyde) and 
buffered with sodium borate. Labels were added with =. starting and final 
flowmeter readings. The flowmeter was suspended just below the middle of 
the-net and recorded the distance traveled by the net. Assuming an average 
fishing depth of 15 cm the volume of water filtered could be estimated. 
It also was assumed each net filtered an equal volume of water. The valid- 


ity of these last two assumptions remains untested. 


Laboratory 


Each sample was "rough sorted" initially to remove large crganisms and 
non-living debris. This material was put in a separate jar and labeled as 
the large fraction. The remainder was put into a Folsom plankton splitter 
which mechanically divided the sample in half. The first split produced 
the "archive half" and the other half was resplit. This resplitting pro- 
cess continued until two final aliquots of approximately 1000 individuals 
were obtained. One of these final aliquots was used for a dry weight 
determination while the other was used for taxonomic identifications. 

Each tow resulted in at least four aliquots, five if there was a large 
fraction present. For example, if a sample was split four times and 


there was also a large fraction, there were the following aliquots: a large 
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fraction, an archive half (1/2 of original sample), one final aliquot for 
taxonomy (1/16 of original sample), one final aliquot for dry weight and 
ash-free dry weight (1/16 of original sample) and a residue (1/2 - 1/16-- 
1/16 or 3/8 of original sample) (Figure 15.1). 

The archive half was permanently stored. The organisms and debris 
in the large fraction were enumerated. These counts were called "A". The 
organisms in one final aliquot were also identified and counted. These 
were called "B". Any tar in either of these samples was removed, dried at 
60°C and weighed separately. Any tar in the other final aliquot was 
removed and added to that form from the other final aliquot before drying. 
This then represented the tar from 1/8 of the original sample. 

The counts termed "B" were then multiplied by (1000/volume filtered) 


: per net per aliquot. :-lIf these 


x 4 nets to give the numbers per 1000 m 
numbers were multiplied by the inverse of the aliquot size (16) the number 
per 1000 m*® per net was obtained. The large fraction counts ("A") were 
multiplied by '"'C", which was a correction factor to a constant volume (Fig- 
ure 15.1) and added to the values of the number per 1000 m° per tow obtained 
from the ''B" counts. Then the total sample ae counted and corrected to a 
Standard volume, 1000 m’ in this case. 

The other final aliquot was dried at 60°C to constant weight and weighed. 
It was then put in a muffle furnace at 500°C to combust all organics and 
Baiched again. The difference between these two weights was the ash-free 
dry weight. The same corrections for aliquot size and volume filtered were 
made. 

In the taxonomic sorting all decapods and decapod larvae were sorted 
out and sent to Dr. Linda Pequegnat for analysis. All fish and fish egge 


were also removed and sent to Dr. John McEachran for analysis. These 


people also sorted through all the large fractions for their organisms. 
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Figure 15.1 Schematic diagram of the analysis of a single sample. 


























In addition McEachran sorted all the residue aliquots for fish and fish 
eges. 

The results of the general taxonomic analyses will be discussed first, 
followed by a discussion of the decapod and decapod larvae results by Dr. 
Pequegnat and finally a discussion of the fish and fish eggs results by Dr. 


McEachran. 


RESULTS 

Dry Weight 

An examination of the dry weight data for the entire year (Table 15.1) 
showed a considerable amount of variability. In Table 15.2 the averaged 
values along Transect II using both day and night values are presented. 
This was done since there were unequal numbers of day and night observa- 
tions if all transects were used and diel differences were not consistent 
along a transect. Figure 15.2 shows these means and 95% confidence inter- 
vals. Considerable overlap of intervals was observed due to the high vari- 
ability and a horizontal line could be drawn which intersected every month. 
This indicated that there were no significant seasonal changes which could 


be shown in our data. 


Tar Weight 


Figure 15.3 shows monthly and seasonal averages for all available 
data. With the exception of August which had small variability (and a 


small mean), all other values were indistinguishable at the 95% level. 


Species Counts 


The general philosphy of this report was not to present a lot of 
results which showed little. Examination of monthly changes of total 


numbers per unit volume provided little additional information and there- 
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TABLE 15.1 


CRUISE AVERAGES FOR DRY WEIGHT OF NEUSTON TOWS 


Cruise Average Standard . N 
(ems/102m3) Deviation 

Winter ae Bie Se iS 
March 79.78 94.39 6 
April 16.44 Vey 6 
Spring 20.42 20.414. = 12 
July 2296 6.45 6 
August By si taba 6 
Fall 10.96 133.950 15 
November 17.59 10.80 fs) 


December 9.37 5.00 6 
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TABLE 15.2 


TRANSECT II AVERAGES ONLY FOR NEUSTON TOWS 





Cruise Average Standard 
(gms /102m3) Deviation 
Winter B29 11.26 
March AAGTS 94.39 
April 16.44 clare ti 
Spring 14.39 Ss 8S 
July 96 6.45 
August 371,02 131.24 
Fall 8.33 bere 
November Bi. 9 10.80 


December 3.37 4.99 
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figure <5 $2.> Dry Weight Averages (Horizontal Dash) and 95% Confidence 
Limits (Vertical Rectangles) for Transect II Only, 1977. 
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Figures 15.3 Tar Weight Averages (Horizontal Dash) and 95% Confidence 
Limits (Vertical Rectangles) For Transect II Only, 1977. 
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fore are presented in the summary tables in Appendix N, Table 1. A number 
of species or larger taxa were selected which were both frequent in occur- 
ence and/or abundant at times. These species or taxonomic groups were 
also analyzed in detail in the 1976 neuston data. The most encouraging 
generalization which could be made about these results was the high degree 
to which they followed the important trends seen in the 1976 data. 

The most remarkable and most interesting of these patterns was that 
of Anomalocera ornata. Males, females and immature forms of this species 
showed the same trends (Figures 15.4 - 15.6). Immatures were found in 
their highest abundance in the winter sampling and showed a decline in 
March. The adults increased by about an order of magnitude in the winter 
and then peaked in March with the maturation of the immature forms (mostly 
Stage IV and V copepodites). This species completely disappeared from the 
sampling area from the April to the spring cruise. During this time inter- 
val the water temperature increased from an average of 21.94 to 25.28°C, 
Their reappearance in the December samples went along with a decrease in 
average temperature from 25.52 in November to 23.07°C in December. The 
Similarities in "critical temperatures" was remarkable. The possibility 
of a resting egg in this species seemed very strong and warrants further 
work, 

Centropages furcatus males and females showed very similar trends to 
1976 values (Figures 15.7 and 15.8). Not only did the diel differences 
remain basically the same, but the gross trends in abundances were the 
same. During both years, Pontellopsts villosa males and females were low 
in abundance and quite variable early in the year followed by a strong 
increase in the late summer and fall (Figure 15.9 and EPR EG 

Brachyuran zoeas (Figure 15.11) had a pronounced diel difference as 


in 1976 and showed high overall abundance with no pronounced seasonal 
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Figure 15.4 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Anomalocera ornata Males. 
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Anomalocera ornata females 
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Figure 15.5 Annual Variation of Mean Day and Night Abundances Along 
Transect IL for Anomalocera ornata Females. 
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Figure 15.6 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Anomalocera ornata Immature. 





15-18 












i 
i 
Centropages furcatus males 
D OY cm an mm 
| Night e— 
! 
L 
I 
1 
1 
| 

m 

= 

Or 

oO 

es) 

= 
= 






JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC } 





Figure 15.7 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Centropages furcatus Males. 
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Figure 15.8 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Centropages furcatus Females. 
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Ponte/lopsis villosa males 
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Figure 15.9 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Pontellopsis villosa Males. 


eee ea ee 





iS=21 


‘ Pontellopsis villosa females 
1 

Dayo — 

1 Nighte-—— 

104 


+:/ 1,000 m? 
Ou 








Pe 
ee 
| Pal i 
cg 
/ \ 
» 
On | 
~ a 
4 > Seg \ 5} 
I \ | 
i 
I \ } 
| R \ | 
\ [baa 
| 
ey 
Pl ged 
7 


10 
Leh): sh 2006 ee OR SN i a i OS SA PE RCTS a Seb ceed 17 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 


Figure 15.10 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Pontellopsts vtllosa Females. 
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Figure 15.11 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Brachyuran Zoeas. 
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changes. Brachyuran megalops (Figure 15.12) showed a very similar pattern. 
A number of other species groups are shown in Figures 15.13 - 15.24. A 
more complete interpretation of their changes will be made when all ancil- 


lary data are obtained. 


Grouping Results 


As in our analysis of the 1976 data the index of affinity and its 
associate recurrent group analysis was selected to look for species which 
frequently tended to be a part of each others environment. Groups of 
species were formed on the basis of co-occurrence in samples. This co- 
occurrence or level of affinity could be set at any level between 0 and 1 
(total absence of affinity and complete affinity, respectively). The 


following formula was used: 


I.A. = aah . 1 
(y_N,)1/? 2(N,) 2! 
where I.A. = index of affinity (0 - 1.0) 
Jap. * Joint occurrences of ja, hb 
Na. = total occurrences of a 
Ny, = total occurrences of b 


and Ny, * Na. 


The 1977 data I.A. was set at 0.7 to. be consistent with our 
treatment of the 1976 data. As before day (D) and night (N) were run 
separately. Seven day groups were obtained with the largest consisting 
of eight taxa (Figure 15.25). Four taxa in this group (Group 1D) were 
the same as for 1976 and an additional two showed associations with Group 
1D of the 1976 data. Groups 2D, 3D and 5D were repeats from 1976 data. 

In the night data (Figure 15.26) Group 1N had all the same taxa as 


Group 1N - 1976 with only one exception. It had four members which showed 
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Brachyuran megalops 
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Figure 15.12 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Brachyuran Megalops. 
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Figure 15.13 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Ltmactna trochtformts. 
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Figure 15.14 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Luetfer faxont. 
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Figure 15.15 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Nannocalanus mtnor. 


Ve 


15-28 













ee 


Temora stylifera 





bie 
Night e—— 


On 
















| 
. 
" 
E: 
[3 / \ 
a \ / | WOKS 
Bi Nee | S/ \ 
ans mY H f 8 
+ a od 
| Ay 
Hed 
Lo] 
Lou 
oy! ay 
Hei 
\/ 
| \] 
' 
| g 


10 
Le! BROS RRA RAPP ERE NS RTRSY PORE BS FELIS A Re Ie ves § 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 


Figure 15.16 Annual Variation of Mean Day and Night Abundances Along 
Transect IIL for Temora styltfera. 
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Figure 15.17 Annual Variation of Mean Day and Night Abundances Along 
_Transect II for Temora turbtnata. 
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Figure 15.18 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Labtdocera aesttva Males. 
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Figure 15.19 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Labtdocera aesttva Females. 
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Figure 15.20 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Pontella meadit Males. 
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Figure 15.21 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Pontella meaditt Females. 
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Figure 15.22 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Hyperiidae. 
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Figure 15.23 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Ostracods. 
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Figure 15.24 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Chaetognaths. 
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Figure 15.25 Groups Formed From All 1977 Day Samples Using Recurrent Group Analysis at the 0.7 Level. 
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Figure 15.26 Groups Formed From All 1977 Night Samples Using Recurrent Group Analysis at the 0.7 Level. 
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associations with Group 1N - 1976. Groups 2N, 3N and 6N were repeats. 
The similarities in the 1976 and 1977 Day and Night groups were very 
encouraging. More detailed analysis of quantitative aspects of these 


associations is now underway. 


DISCUSSION 

There are a number of findings in the 1977 data which, when taken 
together with the 1976 findings, represent significant results. These are: 

1. The repetition of the cycle for Anomalocera ornata in 1976 and 
1977 represents the strongest signal in =he two years of data. 

This species should also receive special attention in the zooplankton 
program. 

2. The similarities in the species groupings for the two years 
strongly suggest that there are groups of species that tend to be a fairly 
constant feature of the STOCS environment. More detailed examination of 
the seasonal occurrence and quantitative aspects of these groups should 
be done. 

3. The large variability in the results of the dry weights indicates 
that this is a low return measurement and it is suggested that it be dis- 
continued in future studies. It is presently impossible to determine the 


Signal due to the high noise level. 


Decapods and Decapod Larvae 


A total of 77 decapod taxa, including the different larval stages, 
were identified from 1977 STOCS neuston samples. This compares to 85 
decapod taxa from the 1976 samples. 

Along Transect II (the only transect sampled monthly during 1977) 


(Figure 15.27), the decapod larvae reached peak concentrations in the 
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Figure 15.27 Annual Variation of Decapod Larvae at Transect II Sta- 
tions ter. 1972. 
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spring (April and May) and again in the fall (August-November), especially 
in the night samples, which were nearly always higher in decapod larvae 
than the daytime samples. The 1976 neuston data showed similar spring and 
fall-winter peaks of decapod larvae with slight variations in onset or 
duration of peaks. For example, the Station 3 spring peak was confined to 
late March in 1976, while it spanned April and May in 1977. The Station 1 
fall peak was confined to late August in 1976, while in 1977 it spanned 
September to November. 

Maximum concentrations of decapod larvae occurred at Station 2/II in 
April and May night samples (120.6/m°? and 129.8/m?, respectively), but with 
completely different taxa accounting for the peaks during each month. The 
April sample from Station 2/II contained 14 decapod taxa and the dominant 
decapod larvae were portunid crab zoeas (Callinectes sp. and Portunus sp.) 
(76.7/m*) and sp. E megalopa crab larvae (10/m°). In May, at this sta- 
tion, the decapod species diversity was greater (25 taxa) and the dominant 
decapod larvae were penaeid shrimp zoeas of Xiphopenaeus (39/m*), xanthid 
crab zoeas of Mentppe mercenarta (12/m*) and sp. I crab megalopas (11.7/m’). 

The April and May peaks in decapod larvae in the night samples from 
Station 2/II were also reflected in the night samples from Station 3/II, 
but at somewhat lower concentrations (82/m°* for April and 85.8/m* for May). 
The dominant decapod larvae at Station 3/II in April were similar to 
those at Station 2/II for the same month (Portunid crab zoeas, 68.8/m’), 
but the diversity was considerably less, with only six decapod taxa 
represented. At the same station in May, however, the dominant decapod 
larvae were Portunid crab megalopas (44.8/m*), sp. E crab megalopas (19/m’), 
and sp. B crab megalopas (12/m?), and there were nine decapod taxa. 

The smaller "fall" peaks occurred at Station 1/II in November (35.8/m’, 


11 taxa, with sergestid shrimp zoeas accounting for 27.7/m’ and stenopodid 
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shrimp zoeas for 2/m°*), at siaeish 2/II in August (36.4/m*, 14° taxa, 
with Callineetes crab zoeas dominant at 26.8/m°), and at Station 3/II in 
September (37.8/m*, 16 taxa, with portunid crab megalopas dominant at 
15/m? and Callineetes zoeas at 8/m*). 

The nighttime samples were nearly always higher in decapod larval 
concentrations then the daytime samples. The daytime concentrations at 
Station 1 tended to be generally higher than at the two offshore stations, 
and tended to reflect the nighttime peaks in spring and fall, but on a 
lower level of concentration. This was also true of the 1976 samples. 

The levels of concentration of decapod larvae in 1977 during the spring 
peaks were greater than in “1976, e.g.., 219.8/m* for the 1977 spring peak 
at Station 2/II/N compared to 38.6/m? for the same station during the 
1976 spring peak. 

Figure 15.28 compares the numbers of decapod larvae in day samples 
from Transects I, II, III and IV during the seasonal sampling periods of 
winter (January), spring (May), and fall (September). Along Transect I 
there were peak concentrations of decapod larvae in September at Stations 
1 and 3 (62.9/m* and 63.4/m’, respectively). Both Stations were dominated 
by portunid crab megalopa (8.3/m* at Station 1 and 58.2/m° at Station 3). 
Pagurid (hermit crab) zoeas also accounted for 7.5/m* at Station 1. Sta- 
tion 1/I fall had a greater species diversity of decapods with 24 taxa 
while Station 3/I fall had only 10 decapod taxa. Why Station 2/I did not 
reach such high decapod larvae concentrations in September could not be 
explained, except it was noted that the dominant taxa (portunid crab mega- 
lopas) at Station 2:were the same as those at thé-other ‘two stations, but: 
in much lower concentrations (1.7/m’). 

Only one other major peak in decapod larvae numbers stood out among 


the seasonal day samples, and that was also in September from Station l, 
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Figure 15.28 Decapod Larvae in Day Samples for Seasonal Cruises, 
All Stations. 
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Transect IV (76.8/m*). There was a high species diversity of decapods 
(31 decapod taxa) and the dominant decapod larvae were pinnotherid crab 
larvae (17.7/m’), sergestid shrimp zoeas (15.4/m°) and portunid crab 
megalopas (13.8/m°). These daytime high concentrations were considerably 
higher than the highest daytime concentrations from the 19/6 samples, where 
the highest daytime concentration of decapod larvae reached only 16.2/m? 
fat Stattones se etaid | 

In most of the 1977 samples decapod species diversities were greater 
at night than in the day (see Tables 15.3 and 15.4). This was to be expec- 
ted because of the known nocturnal migrations of many decapods, especially 
decapod larvae, toward the surface. Transect II was the only transect 
sampled at night during 1977. Looking at those night samples only, the 
decapod species diversity was found to range from a low of six taxa (at 
Stationul/Li/N winters Station. 3/1U/NuApril,vandeStation Z2ZALtIN siglo 
a high of 32 taxa (at Station 1/II/N spring). The average species diver- 
sity for night samples was 15.1 decapod taxa while that for day samples 
was 6.4 taxa. 

Table 15.3 presents decapod species diversity averages from Transect 
II showing nearshore-offshore differences, seasonal differences, and day- 
night differences. The nearshore station (Station 1) showed the highest 
average diversity of decapods in day and night samples combined (12.4 taxa) 
with the intermediate station (Station 2) next highest (10.8 taxa) and the 
offshore station (Station 3) the least diverse (8.8 taxa). Spring had the 
highest average species diversity (17.9 taxa), followed by fall (12.4 taxa), 
and winter had the lowest (8.7 taxa). 

Considering the average species diversities for daytime samples from 
a eae transects, Transect I had the greatest (9.4 decapod taxa), then 


Transect II (8.9 taxa), Transect III (8.7) and Transect IV (6.6)(Table 15.4). 
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TABLE, 13.3 


SPECIES DIVERSITY AVERAGES FOR DECAPOD CRUSTACEA 
IN TRANSECT II NEUSTON SAMPLES FOR 1977 


NEARSHORE-OFFSHORE NEARSHORE INTERMEDIATE 
DIFFERENCES: (STA. 1) Coscia 
DAY B.603 ae 
NIGHT fli Ps Lie 
DAY & NIGHT 12.4 10 

SEASONAL DIFFERENCES: WINTER ; SPRING 
DAY es see 
NIGHT 2G J a 8, 
DAY & NIGHT Bicady Leo 


OVERALL DAY-NIGHT 
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eo 
peau 
8.8 


FALL 

tal 
18.0 
12.4 
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TABLE 15.4 


SPECIES DIVERSITY AVERAGES FOR DECAPOD CRUSTACEA 
IN DAYTIME SEASONAL NEUSTON SAMPLES FOR 1977 


GEOGRAPHICAL (TRANSECT) 


DIFFERENCES: Tre fi hate 8 dey ok 
9.4 S29 B57 
SEASONAL DIFFERENCES: WINTER SPRING 
4.6 10.4 


NEARSHORE-OFF SHORE 
DIFFERENCES: STA. 1 SLA wed 


SEASONAL (DAY) SAMPLES: eo hes 


ALL (DAY) SAMPLES: Gao Sag 


Lr ey 
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Comparing seasonal differences in average species diversities for day 
samples from all transects, spring,was the highest with 10.4 decapod taxa, 
followed by fall with 10.2 taxa, and then winter with only 4.6 taxa (Table 
9.4%). 

The holoplanktonic sergestid shrimp, Luctfer faxont, frequently occurred 
in very high numbers in south Texas neuston samples and ranked first in 
numerical dominance of decapod taxa in both 1976 and 1977 samples. Figure 
15.29 shows the numerical concentrations of Luetfer faxont in day and night 
samples throughout 1977 from Transect II. The greatest concentrations 
occurred at Station 1 with maxima of 44 and 47/m° in May (daytime) and 
August (nighttime) samples. These concentrations were low compared to the 
1976 station 1 maxima of 147 and 186/m* in June and August. At Stations 
2 and 3 the concentrations were generally lower than at Station 1, and the 
nighttime concentrations nearly always exceeded the daytime concentrations 
at these two offshore stations on Transect II. 

The other transects, at which only day samples were taken (Figure 15.30), 
also showed generally higher concentrations of Luctfer faxont at Stations l, 
and the lowest concentrations at Stations 3. Stations 2 generally showed 
intermediate numbers of L. faxont, except for the dramatically high concen- 
tration of 416/m* at Station 2/IV/D in May. Although ZL. faxont tended to 
reach its highest concentrations in May at most stations, this was not 
consistently true for all stations. It is interesting to note that Luctfer 
typus, which is an indicator of open ocean water and occurred in 1976 only 
at the offshore stations (Station 3) between June and November, did not 
appear at all in 1977 samples. 

Appendix N, Table 2 presents a listing of the numerically dominant 
decapod taxa at each station sampled during 1977, their concentration, and 


percentage of total decapods in the sample. 
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Figure 15.29 Luetfer faxont at Transect II during 1977. 


15-49 






PONIES 


NO, /m°? 


JAN MAY SEP JAN MAY SEP JAN MAY SEP JAN MAY SEP 
TRANSECT I TRANSECT 2 TRANSECT TRANSECT 


Figure 15.30 Luetfer faxont from 1977 Daytime Seasonal Neuston 
Samples at Transects I, Ii, III and IV. 
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The dominant decapod taxa of the 1977 neuston samples may be ranked 
in order of dominance as follows: Lucifer faxont, Callineetes zoeas, Por- 
tunid megalopas, Portunus zoeas, Trachypenaeus zoeas, Alpheid zoeas, Ser- 
gestid sp. A postlarvae, Sp. E megalopas. 

Portunid c-ab larvae were frequently the dominant decapods, especially 
in night samples. The highest concentrations of portunid zoeas (Calltnec- 
tes and Portunus) occurred in April samples from Transect II with concen- 
trations of 77/m° at Station 2/II/N and 69/m* at Station 3/II/N. 

Portunid megalopa larvae were most abundant at offshore stations in 
spring and fall with 58/m° at Station 3/I/D fall and 45/m*® at 3/II/N 
spring. Portunid megalopa also occurred in greatest concentrations at 
offshore stations in 1976, but reached their highest peaks in the months 
of February and June. 

Penaeid shrimp larvae were more abundant in 1977 than in 1976. They 
occurred primarily in spring samples and reached concentrations up to 
39/m? (Xtphopenaeus) and 7/m* (Trachypenaeus) . 

Pinnotherid crab zoeas were less abundant in 1977 than in 1976, and 
occurred primarily at the nearshore stations (Stations 1) as was the case 
in 1976. In 1977 they were most abundant from May through September with 
a maximum concentration of 19/m’? (Pinnotheridae sp. A) at Station 1/II/N 
August. 

In general, it may be said that there were many Prat aed bles in geo- 
graphical and seasonal occurrences of decapod taxa between 1976 and 1977. 
Unique peak occurrences of certain taxa at certain locations and times 
were difficult to explain, e.g. Luctfer faxont at Station 2/IV/D spring 
in concentrations of 416/m°, nearly 10 times its concentration at any 
other 1977 neuston station. Possibly during the data synthesis phase of 


these studies, Certain detailed correlations can be made with these drama- 


hs ap 


tic peaks in concentrations and other biological, chemical or physical 
parameters. It is also expected that some of the brachyuran crab megalopa, 
designated in this report as sp. A, sp. B, etc., will be assigned to more 
specific taxa during the data synthesis so they can be related more spe- 


cifically to their benthic adult stages. 


Ichthyofauna 


A total of 1,932,166 eggs and 280,683 larvae were captured during the 
1977 neuston survey (Appendix N, Table 3). During the 1977. cruises the 
greatest abundance of eggs (62%) was captured in the spring. Larvae were 
also most abundant in July (37%) on the monthly cruises and in the spring 
(45%) on the seasonal cruises. The November cruise yielded the lowest 
number of eggs and larvae of the monthly cruises and the winter cruises 


yielded the lowest number of eggs and larvae of the seasonal cruises. 


rh 


A total of 71 taxa of larval fishes were collected in nearly equal 
increments during the year. Number of taxa on the monthly cruises ranged 
from 27 and 24 during the winter and fall seasonal cruises to 12 taxa 
during the December monthly cruise. Thirty (30) taxa were collected on 
the winter and spring seasonal cruises and 28 taxa were captured on the 
fall seasonal cruise. 

At stations where both day and night tows were made (Transect II, 
Stations 1, 2 and 3) during the three seasonal cruises more eggs were cap- 
tured during the day then during the night and more larvae were captured 
during the night than during the day. Seventy-four percent (74%) of the 
eggs and 27% of the larvae were captured during the day and 26% of the 
eggs and 73% of the larvae were captured during the night. Daytime cap- 


tures of larvae ranged from 3.1% on the March cruise to 71% on the April 


cruise. Night time captures of larvae ranged from 28.2% on the April 
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cruise to 96.9% on the March cruise. 

The inshore and mid-depth stations along the four transects yielded 
the greatest number of eggs and larvae. On the three seasonal surveys 
12.3% of the eggs and 31.4% of the larvae were captured at the four shal- 
lowest stations, 77.8% of the eggs and 41.9% of the larvae were captured 
at the four mid-depth stations and 9.6% of the eggs and 26.6% of the larvae 
were captured at the four deepest stations. On the monthly cruises 37.04 
of the eggs and 43.9% of the larvae were captured at the shallowest sta- 
tion on Transect II (1/11), 47.9% of the eggs and 26.2% of the larvae were 
captured at the mid depth station (2/II) and 15.0% of the eggs and 29.92 
of the larvae were captured at the deepest station (3/II). 

The number of taxa did not appear to vary with the depth of the sta- 
tions, A total of 28, 24 and 33 taxa were collected at the four inshore: 
mid-depth and deepest Bcaptaas respectively during the three seasonal 
cruises. A total of 35, 34 and 33 taxa were taken at the inshore, mid- 
depth and deepest stations during the monthly cruises. On the three 
seasonal crutses-eggs weré moré ahundant stong Transect I (79%) and 
larvae were more abundant along Transeect-II (53%). 

Transect II was used to describe the distributions of the taxa of 
ichthyoplankton since this transect was sampled monthly and larvae collec- 
ted along this transect were representative of those collected along the 
three other transects sampled during the seasonal surveys. The 10 most 
abundant families of fishes over the entire survey were: Clupeidae, Engrau- 
lidae, Sciaenidae, Mullidae, Bothidae, Triglidae, Mugilidae, Exocoetidae, 
Gerreidae and Gobiidae (Table 15.5). Engraulidae and Sciaenidae were more 
abundant during the fall than during the winter or spring surveys, while 
Exocoetidae and Mullidae were more abundant during the spring than during 


the winter or fall surveys (Figures 15.31 through 15.40). 
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TEN MOST ABUNDANT FAMILIES CAPTURED ON TRANSECT va 


a pn 
a 


FAMILY TOTAL NO. /1000 M°/YEAR % OF TOTAL NO. LARVAE 
Clupeidae 67,183 a Ne 4 
Engraulidae 295994 , tee sn 
Sciaenidae 17,065 750% 
Mullidae 23790 Ds ae 
Bothidae 25979 hues 
Triglidae 2.210 0.9% 
Mugilidae 1,603 Dad zo 
Exocoetidae 906 0.4% 
Gerreidae 672 0.3% 
Gobiidae 496 0.2% 
TOTAL 135924 | 55.7% 


re gre 


A total of 244,550 fishes were captured on transect II over the 
survey. 
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Figure 15.31 Relative Abundance of Clupeidae at Each of the Stations 
the Three Seasonal Cruises. 
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Figure 15.32 Relative Abundance of Engraulidae at Each of the 
During the Three Seasonal Cruises. 
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SCIAENIDAE 


Figure 15.32 Relative Abundance of Sciaenidae at Each of the Stations Along the Four Transects During 
the Three Seasonal Cruises. 
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Figure 15.33 Relative Abundance of Mullidae at Each of the Stations Along the Four Transects 
During the Three Seasonal Cruises. 
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Figure 15.34 Relative Abundance of Bothidae at Fach of the Stations Along the Four Transects During 
the Three Seasonal Cruises. 
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Figure 15.35 Relative Abundance of Triglidae at Each of the Stations Along the Four Transects During 
The Three Seasonal Cruises. 
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Figure 15.36 Relative Abundance of Mugilidae at Each of the Stations Along the Four Transects During 
the Three Seasonal Cruises. 
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Figure 15.37 Relative Abundance of Exocoetidae at Each of the Stations Along the Four Transects During 
the Three Seasonal Cruises. 
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Figure 15.38 Relative Abundance of Gerreidae at Each of the Stations Along the Four Transects During 
the Three Seasonal Cruises. 
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Figure 15.39 Relative Abundance of Gobiidae at Each of the Stations Along the Four Transects During 
the Three Seasonal Cruises. 
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Although more larvae were captured during thenight and most taxa were 
more abundant during the night, some taxa were predominantly captured during 
the day. Clupeidae, Engraulidae and Bothidae predominated in the night 
samples and Exocoetidae, Mullidae and Mugilidae predominated in the day 
samples. 

The ten most abundant species were Etrwneus teres (8.2%), Mugtl cepha- 
lus (1.5%), Harengula jaguana (1.4%), Prtonotus sp. (1.1%), Fuectnostomus 
sp. (1.0%), Bregmaceros atlanticus (0.8%), Trachurus lathamt (0.7%), Mtcro- 
pogon undulatus (0.4%), Paralichthys sp. (0.3%), and Htropus sp. (0.2%). 

The species of Sciaenidae and Clupeidae varied seasonally in their relative 
abundance during the seasonal surveys. The sciaenids Letostomus xanthurus 
and Mteropogon undulatus were captured during the winter and fall but were 
absent during the-spring. Menttctrrhus sp. was most abundant during the 
Lael, 

The clupeid Brevoortta sp. was captured during the winter but was absent 
during the spring and fall. The clupeid Htrwneus teres was captured during 


the winter and spring but was absent during the fall. 


Ichthyofauna Conclusions 


During the 1977 survey the greatest abundance of eggs was collected 
during the spring seasonal cruise and on the July monthly cruise indicating 
that spawning was most intense during the spring and early summer. Larvae 
were also: most abundant during the spring and early summer with mullids, 
clupeids and engraulids making up the majority of the larvae. These three 
families were probably responsible for the high concentration of eggs 
during the spring and early summer. In 1976 the greatest abundance of 
eggs occurred in the winter and the greatest abundance of larvae occurred 


in the spring. Clupeids and engraulids were the most abundant larval forms. 
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Distribution of larvae along the transects indicated that most fishes, 
t.@. Sciaenidae and Gerreidae, spawn near shore while a few fishes, 7Z.e. 
Mugilidae, spawn offshore. The majority of the larvae during 1977, as in 
1976, were captured during the night, indicating either that larvae are 
more abundant in the neuston zone during the night or that larvae are less 
able to avoid the sampling gear during thenight. However, larvae of the 
families Exocoetidae, Mullidae and Mugilidae were more abundant during the 
day than during the night indicating that either they sink below the neu- 
ston zone during the night or are less able, than other larvae, to avoid 
the sampling gear during the day. 

During the 1976 neuston survey, Clupeidae was the most abundant family 
and nine of the 10 most abundant families were among the 10 most abundant 
families for 1977. However, in 1976 the families Sciaenidae, Mugilidae, 
Exocoetidae, Gobiidae and Carangidae were relatively more abundant and 
the families Engraulidae and Triglidae were relatively less abundant than 


during the 1977 survey. 
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ABSTRACT 


A total of 540 sediment samples collected between February and December 
1977 from 25 transect stations and four bank stations on the South Texas 
Outer Continental Shelf (STOCS) were analyzed for establishment of meiofaunal 
populations and communities. The degree of similarity between 1976 and 1977 
data indicated that reasonably stable meiofaunal populations exist on this 
shelf. In general, populations tended to decrease with increasing depth 
between 14 and 134 m. It was confirmed that the true meiofauna exhibited 
strong seasonal population increases in March-April, July-August, and Novem- 
ber. These seasonal pulses were noted at even the deepest stations, albeit 
with lesser amplitudes. Nematodes were by far the predominant component of 
the true meiofauna. 


Nematodes were highly correlated with sediment granulometry, increasing 
markedly in number when the sand component attained or exceeded 60%. Har- 
pacticoid copepods did not respond to this factor, especially around some 
areas at the base of the banks. Calculations of the harpacticoid/nematode 
ratios, which averaged 0.04 for all transect stations, reflected this bank 
increase of harpacticoids in that the ratio increased to an average of 0.08. 
Significant differences among the ratios of the four transects appeared to 
have reasonable explanations, which suggested that the ratio could be used 
to predict, monitor, and evaluate environmental perturbations of either 
sedimental or chemical nature. 
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INTRODUCTION 


Purpose 


The major objective of this investigation was to determine in a 
relatively small geographical area of the South Texas Outer Continental 
Shelf (STOCS), including two hard banks, the distributions, abundances, 
and environment of the taxonomic components of the meiofauna. These 
findings will play a significant role in formulation of natural conditions 
from which it should be possible for environmental managers to determine 
whether or not man's activities on the shelf are having impacts of concern 
on the fauna. It is our belief that the meiofauna can provide data and 
concepts that will be useful in judging the impacts of sedimental and 
other environmental changes that will result from discovery and production 


of oil and gas. 


Background 


The term meiofauna generally refers to a taxonomically diverse and 
numerically abundant assemblage of animals that are further described by 
their small size. In early studies the meiofauna was separated from the 
macroinfauna by means of sieves having a mesh opening of 1.0 mm; more 
recently, however, the upper limit of size is taken as 0.5 mm (McIntyre, 
1964; Tietjen, 1969, 1971; Coull, 1970; McIntyre and Murison, 1973; and 
Gettleson and Pequegnat, 1976). The lower limit has also been variable 
but 0.062 mm is now the usual mesh size employed for extraction. Accord- 
ingly, the meiofauna in this study was defined by passage through a 0.5 mm 
and retention on a 62 um sieve, whereas all other organisms taken by the 
grab and retained on the 0.5 mm sieve were designated as macrofauna. 

The meiofauna is composed of both a permanent and more numerically 


Stable set of organisms as well as a temporary, numerically variable group 
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composed of juvenile macroinfaunal forms (McIntyre, 1961; Thorson, 1966). 
The permanent or true meiofauna differs from the macroinfauna not only in 
size, but also in regard to number, average generation time, and morpholo- 
gical adaptations to their environment. Some protozoans meet the size 
requirements of the meiofauna but, as Thiel (1975) pointed out, the Foram- 
inifera have been excluded from most investigations on deep water meio- 
fauna. Up to now, the Foraminifera have been grouped together with the 
multicellular meiofauna in only three publications (Wigley and McIntyre, 
1964; Tietjen, 1971; and Thiel, 1975). There are several reasons for 

this deletion, among them being the difficulty of separating live from 
dead individuals because material in the tests other than protoplasm may 
stain red with rose bengal. On the basis of numbers alone, it would 
appear that they should be included in meiofaunal studies. The present 
study, as well as the work of others (Wigley and McIntyre, 1964; Tietjen, 
1971; and Thiel, 1975), shows that the Foraminifera often are either the 
most numerous group or the second in abundance behind the nematodes. 

Even so, for this report, the metazoan meiofauna were placed in the 
category of "true" meiofauna (all of which are permanent) and the Foram- 
inifera and temporary meiofauna were lumped into a second category. 

As Thiel (1975) noted, effective work on offshore meiofauna was 
started as late as 1964 when Wigley and McIntyre (loc.cit.) obtained quan- 
titative samples from a transect on the North American Atlantic shelf and 
down the continental slope to about 600 m. In addition, quantitative 
samples were taken from slope to abyss by McIntyre from DISCOVERY (War- 
wick, 1973) and by Thiel from METEOR (Thiel, 1966) both in 1964/1965 in 
the Arabian Sea. 


The meiofauna has received very little attention in the sublittoral 
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of the Gulf of Mexico. Pequegnat and Gettleson (1974) listed the number 
of individuals in major meiofaunal and macroinfaunal taxa from five sta- 
tions in the vicinity of Stetson Bank. In 1976, they examined meiofaunal- 
sediment correlations from 25 stations located on the STOCS. CGettleson 
and Pequegnat (1976) reported on an intensive study of the wet weight and 
abundance of the meiofauna and macroinfauna taken from 10 stations on the 
outer continental shelf of east Texas. Prior to this report, there has 
been only a limited number of sublittoral studies in which the wet weight 
and/or abundance of the meiofauna and macroinfauna have been compared. 
Krogh and Sparck (1936) described the fauna contained within several cores 
taken in Copenhagen Harbor; Mare (1942) examined the flora and fauna of 
a small area in the English Channel; Sanders (1958) examined the macro- 
infauna and Wresee (1960) the meiofauna of three stations in Buzzards 
Bay, Massachusetts; McIntyre (1961, 1964) studied two areas off Scotland 
(Lock Nevis and Fladden Ground, North Sea); Wigley and McIntyre (1964) 
analyzed ten samples from a transect (40 to 567 m off Massachusetts); 
Guille and Soyer (1968, 1974) studied the fauna off the French Banyuls- 
sur-Mer coast (Meditteranean); Stripp (1969) examined samples from the 
Helgoland Bight (North Sea); Ankar and Jansson (1973), Elmgren (1972), 
Ankar and Elmgren (1975), and Jansson and Wulff (1977) analyzed samples 
from the Baltic Sea. Pequegnat et al. (1977) collected 294 sediment 
samples between February and December 1976 from 25 transect stations and 
eight bank stations on the STOCS and analyzed them for establishment of 
meiofaunal populations and communities. 

Nematodes usually dominate the meiofauna; however, their systematics 
and ecology have been neglected to a great extent. Only six known papers 
have been published on Gulf of Mexico nematology, and all of the material 


was from the littoral zone (Chitwood, 1951; Chitwood and Timm, 1954; 





Hopper, 196la, 1961b, and 1963; King, 1962). Hulings (1967) reviewed 
previous papers dealing with the systematics and ecology of podocopid and 
platycopid ostracods in the Gulf of Mexico. Disregarding the foraminifer- 
ans, no other published reports on the components of the permanent meio- 
fauna of the sublittoral Gulf are known. There are, however, a number 

of papers describing the living, soft-bottom foraminiferans of the Gulf. 
Phieger's (1951) study dealt with an area similar to that of the present 
study, but his total number of identified living forms was very low (16) 
due to the unreliable biuret test used to distinguish living from dead 
individuals. Phleger (1956) used the more accurate rose bengal method 

to detect living forams. Walton (1964) in a study of the central Texas 
coast and continental shelf was able to discriminate among four depth- 
related assemblages on the shelf. Other foraminiferal studies in the 

Gulf of Mexico have also resulted in depth-related biofacies. Phleger 
(1951) recognized six depth facies, Bandy (1954) three within water depths 
of 8 to 37 m, Parker (1954) six in the northeast Gulf, and Bandy (1956) 
described five major facies also in the northeast Gulf. Phleger (1960) 
reviewed much of the Gulf of Mexico foraminiferal work. Other studies 

of living, sublittoral, Gulf of Mexico foraminiferal distributions since 
1960 include Walton (1964), Loep (1965), Lankford (1966), Greiner (1970), 


Poag and Sweet (1972), and Buzas (1967, 1972). 


MATERIALS AND METHODS 


Sampling Transects and Stations 


The meiofaunal samples were collected with a Smith-McIntyre grab 
from all stations on the four transects and two stations of both Southern 
Bank and Hospital Rock during the three seasonal cruises. Additionally, 


Stations 1-6, Transect II were sampled during six monthly cruises. Four 
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replicate samples were taken from each grab for laboratory analysis, giving 
a total of 540 samples (Table 16.1). The 25 transect stations were divided 


into the five zones (A-E) shown in Figure 16.1. Hospital Rock (HR) and 











Southern Bank (SB) were located within zone C. More detailed information 
on specific depths of the zones is given in Figure 16.2. It should be 
noted that Transect II was located more or less in line with the channel 
entrance to Corpus Christi Bay and that Transect IV had seven stations, 
whereas the others had six. Also, Station 7, Transect IV was actually 
slightly beyond the shelfbreak which may have accounted for some of its 


unique faunal characteristics. 


Sample Processing 


On deck, all meiofauna samples were taken from the grab by means of 


a plexiglass core tube of 2.43 cm diameter (internal area = 9.187 cm) 





that was pushed into the sediment to a depth of 5 cm. Four such cores 
were taken and the enclosed sediment was extruded into 8 oz. glass jars. 
One sample was frozen immediately. The remaining three samples were anes- 
thetized in isotonic MgCl» for 10 minutes and then placed in 10% buffered 
formalin. Only two of the three samples were to be sorted and these 
received rose bengal in the formalin. The remaining sample was archived. 


In the laboratory, the stained meiofauna samples were sieved through 





20.3 cm diameter 500 and 62 um mesh sieves. The material retained on the 
smaller sieve was washed into 2 oz. squat jars with 10% buffered formalin, 
to which 10 ml of rose bengal in formalin (200 mg/%) was added. After the 
sample had been allowed to stain for between 24 and 48 hours, it was washed 
in a 7.6 cm diameter, 62 um sieve to remove excess stain and then aliquoted 
into an 80 x 40 mm rectangular sorting dish marked off in a 7 mm square 


grid. The whole sample was then examined microscopically and the sorted 


TABLE 16.1 


SOURCE AND TIME OF COLLECTION OF THE MEIOFAUNA SAMPLES COLLECTED AND ANALYZED IN 1977 


SAMPLING PERIOD TRANSECTS HARD BANK 
L977 I Il Tir IV SOUTHERN BANK HOSPITAL ROCK 
February 24 24 24 28 16 16 
March 24 
April 24 o 
©o 
May-June 24 24 24 28 16 16 
July 24 
August 24 
September-October 24 24 24 28 16 16 
November 24 
December 24 
SUBTOTALS [2.6 l2 84 48 48 


GRAND TOTAL 540 samples analyzed 
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Figure 16.1 Location of Transects, Sampling Stations and Zones. 
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SOUTH TEXAS OCS BASELINE SURVEY 
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Figure 16.2 Zonal Distribution and Depths of the 25 Transect Stations 


and the Two Bank Stations on the South Texas Outer 
Continental Shelf. (Also see Figure 16.1). 
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| animals placed in vials. When the number of nematodes exceeded 150, the 


150 were vialed and the remainder were only counted and archived. 





The meiofaunal samples were occasionally sugar floated with a satur- 
ated water-sugar solution in order to obtain the lighter organisms promptly. 
The sediment mixture was then stained with rose bengal and again sorted 
for bivalves and those animals not recovered during flotation. Finally, 
the remaining material was examined microscopically for extraction of the 


smallest organisms. 


\ 


RESULTS 


Transect Populations 


As was demonstrated previously (Pequegnat and Sikora, In Groover, 
1977), the highest number of individuals of the true meiofauna was found 
on Transect IV and the smallest number on Transect II. Second and third 
positions’ were held by Transects III and I, respectively, as was also 
Prue in 1976. (Table.l6.2). . 


These differences between transects were statisticallv significant. 


On the other hand, the totals between years were remarkably close, with 





the possible exception of Transect IV, which alone accounted for the 
smaller 1977 total (see Appendix 9 for a summary of 1977 populations). 


As noted previously, Transect II appeared to be the aberrant sampling 





line. Since populations increased in both directions from this transect, 
it may be that the low populations were somehow related to the fact that 
the stations were in line with the entrance to Corpus Christi Harbor and 


the effluent therefrom. There was also the possibility that the monthly 





trawling for epifauna along this transect could have accounted for at 
least part of the difference. Still, an analysis of the populations of 


the individual stations did not wholly support such a contention. Moreover, 
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TABLE 16.2 


SUMS OF THE MEANS OF INDIVIDUALS OF TRUE MEIOFAUNA 
TAKEN AT ALL STATIONS OF TRANSECTS I THROUGH IV 
DURING THE THREE SEASONAL SAMPLING PERIODS OF 1977. 

1976 NUMBERS ARE IN PARENTHESES. 


1976 TOTAL = 2359 


197/ TOTAL. =, 2222 


SAMPLING PERIOD TRANSECT 
f£ Hie Lit IV 
WINTER 284 (241) OF 055) 287 (176) 2974303) 
SPRING 100 (111) 43(52) 209 (234) Joe) 
FALL 163(183) 42(58) L7OK27O) ore ty) 
547(535) 182(145) 666 (680) S211 959) 
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the station pattern was nearly the same along Transect II in both 1976 and 


nei. 


Population Trends by Station 


As shown in Figure 16.3, populations of true meiofauna tended to 
decrease along the transects as distance from shore and depth increased. 
The major exception was on Transect II, where the shallow station not 
only supported low populations but also differed most from the conditions 
along other transects. It was interesting to note, however, that whereas 
the populations of true meiofauna at the outermost stations of Transects 
I, III and IV averaged only 6% of those of their respective shallowest 
stations, the population of the outermost station of Transect II was 57% 
of that of the shallow station. This again pointed to the aberrancy of 


Phe shallow station of.Transect I1. 


Population Trends by Season 


Populations of the meiofauna appeared to reach three definitive peaks 
(Table 16.3). After two years of sampling, it seemed best to designate 
these as March-April, July-August and November. It is interesting to note 
(Table 16.4) that the peaks in 1976 appeared to be more decisive in March, 
July, and November, whereas in 1977,with the exception of the nematodes, 
they were in April. There was, however, little difference in time between 
the two sampling periods. When data from 1976 and 1977 were combined 
(Table 16.5), the picture became clearer. 

Figure 16.4 shows that monthly sampling gave a much more reliable 
picture of méiofauna standing crop than did the seasonal sampling, at least 
as it was carried out in this study. Examining the depth-related popula- 
tion response to season (Figure 16.5), it was evident that such responses 


occurred at all station depths sampled in this study (up to 134 m). This 
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Figure 16.3 Distribution of True Meiofauna During the Winter, Spring 


and Fall Sampling Periods by Depth Zone (Also See Figures 
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TABLE 16.3 


POPULATION TOTALS OF VARIOUS MEIOFAUNAL GROUPS FROM ALL STATIONS OF 
TRANSECT II IN 1977 BY SAMPLING PERIOD (Highest Underlined). 


SAMPLING PERIODS 
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POPULATION TOTALS OF VARIOUS METOFAUNAL GROUPS FROM ALL STATIONS OF 


TABLE 16.4 


TRANSECT II IN 1976 BY SAMPLING PERIOD (Highest Underlined). 
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TABLE 16.5 


COMBINED POPULATION TOTALS OF VARIOUS MEITOFAUNAL GROUPS FROM ALL STATIONS OF 
TRANSECT Ii IN 1976 AND 1977 BY SAMPLING PERIOD (Highest Underlined). 





TAXON SAMPLING PERTOD 


JAN-FEB MAR APRIL MAY-JUNE JULY AUG . SERI-OCi NOV DEC 


NEMATODES 2329 - 2791 2086 41565 2850 3391 1330 2232 1610 
HARPACTICOIDS 98 wi 134 59 Lie = 193 138 DLIS BEAT 
KINORHYNCHS 10 31 40 26 39 ~—-:30 11 16 6 
FORAMINIFERS 464 466 822 706 1065 1164 588 377 659. 


POLYCHAETES 76 110 80 a LS lee 130 29 87 66 


ETT 
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I50 TRANSECT ID — NEMATODES 


OS FEET MEAN MONTHLY STANDING CROP 


—--* MEAN SEASONAL (FEB, JUNE, 
R SEPT.) STANDING CROP 


NEMATODES/10 cm@ 





i a 2 5 6 3 
STATION 


Figure 16.4 Transect II Mean Annual Nematode Standing Crop by Station 
(Offshore to Right) Calculated for the Six Monthly Sam- 
pling Periods and for the Three Seasonal Sampling Periods. 
One Nematode = 6.93 ug, Wet Weight. 
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Figure 16.5 Monthly Distribution of Nematoda at Inshore Stations 
(1 and 4), Mid-way Stations (2 and 5) and Offshore 
Stations (6 and 3) of. Transect IT. 
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observation agreed with the 1976 findings, even to the extent that more 
pronounced seasonal population changes occurred at the shallow stations 


than at the deepest stations (Figure 16.5). This same seasonal result 





was shown for nematodes from Transect II considered as a whole (Table 16.6). 
The remarkable population differences between the shallowest stations of 
Transects II and IV and also between the shallow and deep stations on 


Transect II were also apparent (Table 16.6). 


Bank Populations 


The meiofaunal populations of Southern Bank and Hospital Rock were 
Similar to those of the transect stations. Compared on the basis of sea- 
sonal sampling, Hospital Rock supported somewhat larger populations of 


meiofaunal groups than did Southern Bank (Table 16.7). 





Population data from the banks could be compared to that from the 
transects provided only those transect stations of zone C, where the banks 
were located, were used for comparison. The comparison showed that the banks 
and transects supported similar populations. It was very interesting to 
note that whereas the true meiofaunal populations of both banks were larger 
than those of the homologous station (5) of Transect II, the populations 
of Southern Bank were smaller than those of all other transects and Hospi- 
tal Rock's populations were larger than all but Transect IV (Table 15.8). 


This same situation was observed in 1976. Reference to Figure 16.1 showed 











that Southern Bank was much closer to Transect II than was Hospital Rock, 
and possibly reflected -a response to those envirotimental ‘factors that were 
depressing the populations of the shallower stations of Transect II. 

The bank populations of foraminiferans and-temporary meiofauna | 
exhibited a mixed pattern. As above, the populations of Hospital Rock 
were larger than those of Southern Bank (Table 16.9). However, they 


proved to exceed those of all homologous transect stations, including 





MEAN NUMBER OF NEMATODES PER CORE SAMPLE FROM TRANSECT II AND TOTAL NEMATODE POPULATIONS FOR 


NEMATODES 
Mean/Core 
Transect [lL 


NEMATODES 
Total 
Transect II 


NEMATODES 
Total 
Station 1/11 


NEMATODES 
Total 
Station 4/IV 


NEMATODES 
Total 
Station 3/II 


FEBRUARY 


88.5 


1950 
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3970 


TABLE 16.6 


TRANSECT II AND STATIONS 1/IL, 2/11, 3/11 
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TABLE 16.7 


SUM OF THE MEANS OF INDIVIDUALS PER 10 cm? 
OF FOUR IMPORTANT MEIOFAUNAL TAXA COLLECTED DURING THE THREE 
SEASONAL SAMPLING PERIODS FROM SOUTHERN BANK AND HOSPITAL ROCK 


Southern Bank 


oy 


Sys 


rae | 


6 


Hospital Rock 
234 


17 
TERS. 


12 











Winter 
Spring 
Fall 


Total 


MEAN NUMBER OF INDIVIDUALS PER 10 cm* OF ALL TRUE MEIOFAUNA 
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TABLE 16.8 


TAKEN FROM SOUTHERN BANK (SB) AND HOSPITAL ROCK (HR) 


eves 


152 


AND THE HOMOLOGOUS TRANSECT STATIONS 


By Le 


60 


La 


25 
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wm 


262 


SB 
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Winter 
Spring 
Fail 


Total 


MEAN NUMBER OF INDIVIDUALS PER 10 cm* OF 
FORAMINIFERS AND TEMPORARY MEIOFAUNA TAKEN FROM 
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TABLE 16.9 


SOUTHERN BANK (SB) AND HOSPITAL ROCK (HR) AND THE 
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Transect IV. For this and other reasons, such as the fact that forams are 


not metazoans, it seemed wise to place major emphasis on the true meiofauna 


























in this and future studies. 


Specific Populations 


As was noted in the 1976 study, approximately 90 nematode taxa at the 
genus level and above have been collected from the transect and bank sta- 
tions. Those of 1977 were remarkably close to the taxa found in the pre- 
vious year, as was reflected by the fact that the predominant genera of 
nematodes in the two years were the same. These in numerical order were 
as follows: Sabatterta; Thertstus; Halalatmus; Dorylatmposts; Neotonchus; 
Terschellingia; Synonchiella; Viscosta; Latmella; and, Ptycholatmellus. 
The dominant position of nematodes in the meiofaunal community is shown in 
Table 16.10; they accounted for from 50 to 93% of the individuals of the 
true meiofauna. 

Additional meiofaunal organisms observed during the study period 
included the following. Five genera of kinorhynchs were collected from 
the transect and bank stations: Pyenophyes; Eehtnoderes; Trachydemus; Sem- 
noderes; and, Centroderes. Approximately 65 species of polychaetes 
appeared regularly in the meiofaunal samples but less than ten of these 
predominated. Chief among these were: Paraonts gractlis, Mediomastus 
cealtforntensts; Tharyx setigera; Prtonospto etrrobranchtata; Stgambra 
tentaculata; Exogone dispar; Dorvillea soctabtits; Protodorvtllea sp. A; 


and, Aedtetdea cerrutt. 


DISCUSSION 
As was found in the 1976 study, ANOVA analyses demonstrated that the 
total meiofauna, true meiofauna, nematodes alone, and temporary meiofauna 


were significantly different (< 0.01) with respect to: 1) transect; 2) 
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TABLE.16.10 


MEAN PERCENT OF TRUE MEIOFAUNA REPRESENTED BY NEMATODES AND HARPACTICOIDS 
BY TRANSECT, STATION, AND MONTH . 














TRANSECT I 

STATION NUMBER 4 1 4 = 6 3 
February 

Nematodes 87 83 87 90 85 88 14 

Harpacticoids 3 6 3 Qveal. 4 2a | 
June 

Nematodes 90 80 76 85 60 50 

Harpacticoids 1 7 3 3 9 . 
September-October 

Nematodes 32k 88 85 82 85 84 

Harpacticoids ‘pak 2 3 0.0 5 3 
TRANSECT II 

STATION NUMBER 4 wh 2 5 6 a 
February i 

Nematodes 90 87 80 80 76 65 

Harpacticoids 1 4 y 10 9 6 |3 
June | 

Nematodes 84 72 67 83 85 45m | 

Harpacticoids 3 10 9 0.0 Hi 10° | 

| 

September-October | 

Nematodes 87 os 81 61 56 679 | 

Harpacticoids k 10 3 5 L3 6 


TRANSECT III 


STATION NUMBER 4 1 2 5 6 3 | 
February | 
Nematodes 91 88 id 88 87 Sam | 
Harpacticoids 1 2 9 5a 4 3m I 
June | 
Nematodes 88 Ws) 90 82 72 75m | 
Harpacticoids 3 8 i 8 3 — 2 


September-October 
Nematodes 82 if 90 85 82 92 
Harpacticoids 7 = 0.0 fs 3 Oz0} 














TRANSECT IV 


STATION NUMBER 


February 
Nematodes 
Harpacticoids 


June 
Nematodes 
Harpacticoids 


September-October 


Nematodes 
Harpacticoids 


TRANSECT II 


STATION NUMBER 


March 
Nematodes 
Harpacticoids 


April 
Nematodes 
Harpacticoids 


July 
Nematodes 
Harpacticoids 


August 
Nematodes 
Harpacticoids 


November 
Nematodes 
Harpacticoids 


December 
Nematodes 
Harpacticoids 


Ui Ud 


28 
0.0 
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depth zones within transects; and 3) depth zones among transects. 

Correlations were calculated between meiofaunal populations and 
nine physical parameters measured during the study. The results were 
essentially the same as those presented in the 1976 study. For instance, 
sediment texture gave the best correlations with nematodes, harpacticoids, 
true meiofauna and temporary meiofauna, whereas temperature gave the best 
correlation with the forams. 

Although the harpacticoid/nematode ratio was not a prime considera- 
tion in this study, it was still considered as a potential way of estima- 
ting the degree of environmental perturbation, whether such impacts were 
more likely physical or chemical in nature, and possibly the degree of 
recovery. In essence the underlying basis for interpreting the values of 
the ratio is the fact that nematodes are very responsive to changes in 
Sip an granulometry whereas harpacticoids are more likely sensitive to 
chemical factors in the sediment (Pequegnat et al., 1977). It is also to 
be expected that biological factors such as reproductive cycles can affect 
the ratio to a certain extent. 

The harpacticoid/nematode ratio calculated for all sampling stations 
in 1977 averaged 0.04. It was interesting to note that the ratio for the 
bank stations had a value twice (0.08) that of the transect stations. 
Although at individual stations the range may have been as high as 0.19, 
whole transect ratios ranged only from 0.01 to 0.08. Taking only the 
values for the seasonal samples, Table 16.11 shows that Transect II had 
the highest average ratio (0.06), whereas Transect IV had the lowest 
(0.02). This situation, of course, was just the reverse of population 
totals, where Transect IV was the highest and Transect II the lowest. 
Examination of the harpacticoid and nematode population totals in Table 


16.11 gave a clue to the explanation for this situation. For instance, 
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comparing Transects II to IV, it could be seen that the harpacticoid 
populations of the latter were about 2.5 times those of Transect II, 
whereas the nematodes increased by a factor of about six. Sediment 
characteristics may have been the principal controlling factor recalling 
that nematode populations are low when clay fractions are high and are 
high when the sand fraction approaches or exceeds 60%. Located opposite 
the mouth of Corpus Christi Harbor, Transect II had high clay levels, 
whereas the location of Transect IV favored increased sand levels. Look- 
Mieeazain at Table 16.11, it was apparent that 3 of the-12 ratios 

were above the mean value of 0.04, 3 were below and 2 were equal ta 

it. All of the above data provided a base from which to estimate what 
basic kind of stress was being applied to the marine environment by man's 


activities in a given area. 


The following conclusions are in agreement with data obtained in 
2976 and 1977: 

1. The meiofaunal populations of the STOCS exhibited seasonally 
related population peaks in March-April, July-August, and November. The 
lowest peak was in spring and the largest in summer, but the seasonal 
amplitude was far greater at shallow locations. Nevertheless, even at 
depths of 134 m seasonal fluctuations were clearly evident. 

2. The meiofaunal populations on the shelf and upper slope decreased 
substantially with increasing depth down to 134 m. The decrease, however, 
was not wholly uniform. Local factors could modify the shape of the trend 
but not the overall trend of reduction. It was not known with certainty 
what happened to meiofaunal populations below the 134 m isobath in this 


region. 
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TABLE 16.11 


MEANS OF POPULATIONS OF HARPACTICOIDS AND NEMATODES 
FROM ALL TRANSECT STATIONS IN 1977 AND THE CORRESPONDING RATIO FOR EACH. 


WINTER 


Harpacticoids 
Nematodes 


Harpacticoid/ 
Nematode Ratio 


SPRING 
Harpacticoids 
Nematodes 


Harpacticoid/ 
Nematode Ratio 


FALL 


Harpacticoids 
Nematodes 


Harpacticoid/ 
Nematode Ratio 


AVERAGE RATIO 


TRANSECT I 


2076 


Gale 


aS 
3441 


ORG Ps 


0.03 


TRANSECT ITI 


15548) 


797 


736 


0.06 


TRANSECT III 


89 
6192 


0.01 


oe 
4393 


0.04 


0.04 


TRANSECT IV 


56 
4489 


0.01 


0.02 
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3. Comparing 1977 results to the 1976 findings seemed to support 


the conclusion that a reasonably good conception of the nature of the 


meiofauna over this shelf has been obtained. 


4. Nematodes were strongly influenced by sediment grain size, 
increasing markedly when sand constituted as much as 60% of the bed. 

5. Harpacticoid copepods found were not strongly influenced by grain 
Size. Indirect evidence ie ee cam that they responded more to labile 
organic inputs. Such evidence came from work on and around hard banks 
and from the fact that harpacticoids were more abundant at locations where 
one might expect inputs of detrital material. 

6. Development of the harpacticoid/nematode ratio indicated that it 
was reasonably stable from year to year and that at least some of its 
departure from the all-station mean of 0.04 could be accounted for by 


either chemical or biological factors. 
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ABSTRACT 


The third year of data collection on the South Texas Outer Continen- 
tal Shelf (STOCS) benthic invertebrate study consisted of 450 samples of 
benthic infauna and 186 epifaunal samples collected seasonally on four 
transects. 


Infaunal data was analyzed for community structural parameters, for 
station and species groupings and station groups so identified were veri- 
fied by use of discriminant analysis. Species groups were analyzed for 
constancy and fidelity to various station groups. Three major distribu- 
tion patterns of benthic infaunal invertebrates were observed with nine 
distinct species groups composing the various patterns. The study area 
is divided into five distinctive regions by cluster analysis based on 
species distribution. Discriminant analysis showed three distinct regions 
utilizing species distributions and various environmental parameters. Many 
observations made in previous reports were corroborated. 


Epifaunal data were analyzed for community structural parameters, for 
station and species groupings and for individual species distribution pat- 
terns by linear correlations and multivariate analyses. Epifaunal species 
groups were analyzed for constancy and fidelity to various station groups. 
Eight species groups were seen to be distributional through two major 
areas (shallow and deep) which were divided into six distinct regions. 
Single effect correlation coefficients of seven environmental parameters 
with the distribution of major species within each species group are 
presented as are linear additive models for distribution of species 
thought to be representative of various species groups. 
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| INTRODUCTION 





The benthic invertebrate epifauna and macroinfauna of the South 








Texas Outer Continental Shelf (STOCS) have been studied for three years 
(1975-1977). The third year of the study (1977) is reported here. 

The primary goals of this study, were to: 1) identify and quantify 
the macroinfauna and epifauna inhabiting the STOCS region; 2) to delineate 


faunistically similar geographical regions within the study area and to 





identify faunal assemblages characteristic of these regions; and 3) to 
correlate observed distributions of invertebrate populations with biolo- 
gical, chemical and physical factors assayed in the study area. 


Literature pertinent to invertebrate studies of the South Texas 





region has been reported in previous reports (Holland, In Parker, 1976). 
Although a number of benthic invertebrate studies have been undertaken 
in the same study area historically, none have attempted the scope of 
the study reported here. Epifaunal studies have been more prevalent 
than studies of macroinfauna. Estuarine and nearshore Gulf studies are 
more common than are outer continental shelf studies. 

The report of the first year's work (Holland, In Parker, 1976) con- 


centrated on spatial patterns of benthic invertebrate communities, com- 


munity-structure parameters and taxonomic findings. Epifaunal abundance 





patterns were considered largely a function of depth or some combination 
of parameters associated with depth, whereas infaunal distribution was 
considered to be affected by sediment as well as depth or depth-related 
factors. The report of the second year of study (1976) continued the 
spatial distribution analysis and went into more detail on temporal 
analysis of benthic invertebrate population distributions. Included in 


the second year report (Holland, Jn Groover, 1977) were preliminary 
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results on small scale distribution of some infaunal species and an analy- 
sis of the effects of topographic highs on benthic infaunal (soft-bottom) 
communities surrounding these features. Epifaunal communities were 
characterized for various regions of the study area, primarily inner shelf 
and outer shelf communities. The inner~-shelf communities were character- 
ized by large numbers of individuals, low diversity and low equitability. 
Many typical inner-shelf species, such as Trachypenaeus stmtlis, Squilla 
empusa and Penaeus settferus generally have strong affinities for estuaries 
and showed seasonal variability in continental shelf distribution patterns. 
The outer-shelf assemblages were characterized by greater temporal stabil- 
ity, higher diversity, higher equitability and relatively small numbers of 
individuals. 

Macroinfaunal communities were reported in 1976 (Holland, Im Groover, 
1977) as being disteipuced basically in the following three habitat-defined 
regions: 1) shallow-muddy-sand (10-27 m); 2) deep-silty-clay (65-134 m); 
and 3) deep-muddy-sand (65 and 91m). Macroinfauna were most abundant along 
the inner shelf with decreasing numbers offshore and increasing equita- 
bility and diversity offshore. Populations comprising the macroinfaunal 
communities showed a greater tendency toward aggregation at the shallow 
muddy~sand stations than at deeper silty-clay stations. 

The results reported here provide additional information on the vari- 
ations in benthic macroinvertebrates both spatially and temporally on the 
STOCS. It is felt that these results when combined with the previous 
two study years should provide a good characterization of the STOCS ben- 


thos including both epifauna and infauna. 


METHODS 


Sampling and laboratory methods were essentially the same during 1977 


as in previous years. The infaunal sampling intensity declined, however, 





in that monthly samples were not collected from Transect II. 


Infaunal samples were collected seasonally from all stations and from 





two stations on. both :Southern Bank and Hospital Rock. Six replicate samples 


were taken from each station with a 0.1 m* 


Smith-McIntyre grab sampler. 

Epifaunal samples were collected from all transect stations season- 
ally. One day and one night trawl was taken at each station on Transects 
I, II and IV, while one day and three night trawls were taken at each 


station on Transect II. Additionally, three night trawls were made at 


Stations 1-3, ontransect II, during the six monthly sampling periods. 





A 35-ft (10.7 m) Texas-box otter trawl was used for the epifauna collec- 
tions. 

After removal of a subsample core (5 cm diameter) for sediment analy- 
sis, infaunal samples were washed through a 0.5 mm mesh on board ship, 
narcotized and preserved in formalin with rose bengal added. Epifaunal 
samples were preserved in formalin aboard ship. In the laboratory, 
samples were re-preserved in 70% alcohol, sorted, identified to lowest 
possible taxon, counted and archived by taxon. The infaunal samples of 
the fall collection FoF wet weighed before sorting to obtain a 
biomass estimate. 

The measure of species diversity for the species' lists at each sta- 
tion during each sampling interval was calculated by a modified Shannon- 
Wiener diversity index (Pielou, 1966), while equitability (Lloyd and 
Ghelardi, 1964) and Hulbert's (1975) probability of interspecific encounter 
(P.I.E.) were also determined as in previous years. It was assumed that 
by combining a diversity index with a measure of evenness, showing species 
richness and total abundance, and providing the P.I.E. measure, a reason- 


able comparison of diversity between communities could be accomplished. 
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The tremendous quantity of data accrued in a large scale survey such 
as this and the fact that inclusion of many rare species into several of 
the numerical techniques (ée.g., cluster analysis) added nothing to the 
analysis and even caused misinterpretation in some cases, made it neces- 
sary to reduce data input into: several analyses by eliminating’ tare 
species from consideration, as have others (eee 7, HOtSON .. LOD). welt 
previous years work rare species were defined as those not collected at 
least three (3) times in the three seasonal collections. This cut-off 
point reduced the 1976 epifauna by 34% of the species but only omitted 
-04% of the individuals. Infauna was reduced more stringently due to 
the greater percentage of rare species. Therefore, cluster analysis was 
performed on approximately 40% of the species which comprised approximately 
964 of the individuals. Cluster analysis for this year was limited to 
those species which were termed "Biologically Important Species" (BIS) 
according to the concept of Thorson (1957). These species were selected 
according to the following criteria. A species must have been collected 
at 20% of the stations, must have comprised 7% of the total number of 
individuals at any one station, or must have been one of the species 
comprising the top 50% of the individuals at any one station. 

The cluster analysis technique utilized in 1976 was performed on an 
Amdahl 470V/6 at the Texas A&M University Data Processing Center. The 
program, Class, developed by Dr. R. W. Smith of the Department of Biology, 
USC, was modified by the STOCS data management group in close cooperation 
with personnel from the benthic ecology group. A new program which does 
the same analysis but is in Fortran was developed so that it could be 
utilized by the University of Texas Computation Center. The new program 
was checked by processing 1976 data and was found to produce equivalent 


results. 
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Analysis of species composition of the individual stations using 
principal components ordination (Orloci, 1966) was incorporated in this 
year's study to provide another means of numerical classification. This 
technique identified communities with similar species records by close 
position of ordination scores on an ordination plot. The similarity index 
used was that of Bray and Curtis (1957). Square root transformation was 
done on the raw species counts in order to decrease the effects of a few 
species with large abundances. Species utilized in this analysis were 
selected by a BIS technique similar to that utilized in the cluster 
analysis. The results of this method were compared with cluster analysis 
results and found to be almost identical in community classification. 

To statistically define regions of the study area that differentiated from 
one another both biologically and environmentally, discriminant analyses 
(Morrison, 1969) was employed. A computerized program was selected from 
the Statistical Packages for Social Sciences (SPSS) and run on a CDC 6600 
computer through the University of Texas, Austin. The discriminative 
variables chosen were the general community characteristics of the infauna, 
mean sediment parameters for each station of each cruise and the varia- 
bles of bottom water he SC and salinity. 

The discriminant analysis was undertaken to determine whether it 
eke provide a more objective method of determining significant differ- 
ences between station groupings than the more subjective techniques of 
cluster and ordination analysis. The analysis phase (contrasted to the 
classification phase) of this technique was subjected to the station 
groupings determined from both infaunal and sediment textural numerical 
evaluation (clustering and ordination). The results were evaluated for 
significance of the Mahalanobis D square distance between groups. The 


classification phase of this technique was employed to determine exactly 
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how many individual stations were misplaced in the final groups tested 
based on their discriminant scores. 

Multivariate linear analyses utilizing species end to be most 
representative of epifaunal groups delineated by cluster and ordination 
analyses were incorporated in this year's study. Key species of groups 
shown to be relatively consistent through time, were utilized as depen- 


dent variables with data from other elements within the STOCS project 


as independent variables. 


RESULTS 
A total of 59,220 individuals representing 667 species of infauna 
were collected in 75 Smith-McIntyre grab samples taken during 1977. 
Numerically dominant infaunal species included Magelona phylltsae, Para- 


prtonospto ptnnata and Lwmbrinerts parvapedata. 


were collected in the 258 trawls taken during 1977. Three crustaceans 
(Trachypenaeus similis, Penaeus aztecus and Steyonta dorsalts) comprised 
60% of the total epifaunal catch by number. There were 24 spectee repre- 
sented by only one individual. 

Community structure parameters examined for the past three years 
included number of species, number of individuals, species diversity (H') 
and equitability (E). Infaunal community structure patterns for 1977 are 
presented in Figures 17.1 - 17.3. 

In general, the number of infaunal species collected at various 
Stations showed a basic spatial pattern with little temporal variability. 
Transects I and II were similar in spatial pattern of species abundance 
as were Transects III and IV but there was a decided difference between 


the two pairs of transects. Transects I and II showed little or no peak 
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Figure 17.1 Shannon Diversity Values - H", Equitability- E, Number 


of Species and Number of Individiauls for Winter 


Infaunal Data. 
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Figure 17.3 











Lizl?2 


species abundance inshore. In fact, number of species on these two tran- 
sects was often greatest at the offshore stations. Essentially the oppo- 
site case was true for Transects III and IV. Large peaks in number of 
species always occurred at the innermost sites on these transects. Tran- 
sect III never showed high numbers of species offshore while Stations 
3/IV and 6/IV had species numbers approaching those found at the inner- 
most stations. Transect I had basically the same pattern in species 
richness over the three seasonal samples. It had a small inshore peak, 
a definite depression at the next shallowest station (Station'1) with the 
remainder of the stations displaying numbers of species approaching that 
of the innermost station. Basically little or no gradient in species 
richness with depth was observed but Station 1/1 was consistently depaup- 
erate in species. Transect II had a slightly varying pattern of species 
richness. Winter and spring collections had no inshore peak with slight 
increases in species richness at Stations 2 and 6. These slight increases 
did not materialize in the fall samples. The pattern of species richness 
on Transect III remained very consistent through 1977. A definite inshore 
peak was seen in all three seasons with the remainder of the stations 
exhibiting poor species richness. Transect IV consistently had the great- 
est species richness overall with a fairly constant pattern of increased 
richness at the inner two stations (1 and 4), the next two stations (2 
and 5) were always relatively depauperate while Stations 3 and 6 showed 
increasing species richness and a sharp decline in number of species 
was observed for collections at the deepest station (7/IV). 

The number of individual infaunal organisms collected at each site 
over the three seasonal collections of 1977 showed extremely similar pat- 


terns through time on each transect. The general pattern was one of 
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decreasing density with depth. Transect II did not follow the general 
pattern in that there was never a decided peak in the innermost site on 
this transect and the numbers of individuals were consistently low, 
showing no relation to depth. A very slight increase in numbers of indi- 
viduals was encountered at Station 6/II during the winter. Numbers of 
individuals always peaked inshore on Transect III. The greatest number of 
individuals collected per station was found at the spring collection of 
4/III. All other stations along this transect exhibited very low numbers 
of individuals other than the innermost stations. This seemed to be the 
most uniformly depauperate transect of the study area. Transect IV gen- 
erally followed the pattern of decreasing density with depth although a 
slight peak at the deeper stations (3 and 6) was observed in the winter 
collection. The inner two stations (1 and 4) always had large numbers of 
individuals. 

Diversity (H') of infaunal communities in the STOCS region was rela- 
tively high compared to data from neighboring bay areas. There was a 
trend for diversity to increase with depth. Transect I had a slightly 
different pattern of diversity in the winter than in spring or fall. Sta- 
tion 1/I did not appear to have lowered diversity in the winter while 2/1 
did. The opposite was true in succeeding collections. The deepest sites 
2, 5 and 6) always had the highest diversity on this transect. Transect 
II had a slight peak in diversity at Station 2 during the winter and spring 
but otherwise indicated a smooth increase in diversity with increasing water 
depth. Diversity values at the shallowest and deepest sites on Transect 
III were fairly similar. A decrease in diversity was always seen at Sta- 
tion 1/III and at Station 5/III in the fall. Transect IV had the highest 
diversity normally, with diversity being fairly uniform along the transect 


with decreases at Stations 2 and 5 common. 
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In general, equitability showed an increase with depth. Transect I 
had a consistent pattern of low equitability at the three shallowest sites 
and a greatly increased value at the deepest sites. Transect II showed 
the same basic pattern except that the winter collection on this transect 
showed a decreased equitability with little tendency to increase offshore. 
Transect III showed a slight variation on the general pattern in that only 
the inner two sites exhibited the decreased equitability common to the 
inner three sites of the other transects. The pattern of equitability was 
remarkably stable through time on Transect III. Transect IV had a more 
variable pattern of equitability. It exhibited the general pattern although 
the innermost three sites were more equitable than similar depths on other 
transects. Unusual depression in equitability were noted at Stations 3, 

5 and 6 in winter, spring and fall, respectively. 

Epifaunal community structure parameters are presented in Figures 
17.4 - 17.6. Number of epifaunal species collected per station presented 
no consistent general pattern. The numbers collected were much smaller 
than in the infaunal collections. Along Transect I, epifaunal species 
numbers were fairly evenly distributed during each collection period. 
Differences between seasons were apparent. The winter sampling showed 
fewer species collected on this transect. The number of species collected 
at 5/I was somewhat depressed at all collection times. Transect II showed 
a varying pattern of species abundance spatially and temporally. The 
winter collection had a peak species abundance at 6/II which looked like 
an increase with depth. Both spring and fall collections had species 
abundance peaks at Station 2/II so that the abundance of species was 
greatest at mid-depth and decreased shoreward and offshore. On Transect 
III, there was a slight winter increase in species richness with depth. 


Spring collections at the deepest two stations (3 and 6) were extremely 
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Figure 17.4 Shannon Diversity Values - H", Equitability - E, 
Number of Species and Number of Individuals for 
Winter Epifaunal Data. 
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Figure 17.5 Shannon Diversity Values - H", Equitability - E 
Number of Species and Number of Individuals for 
Spring Epifaunal Data. 
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depressed. Minor peaks in species abundance occurred at Stations 1/III and 
2/III in the fall. Transect IV epifaunal species richness varied widely 
with season. The winter collection showed a strong decrease in species 
richness with depth. The spring had number of species more or less evenly 
distributed along the transect with Station 6/IV somewhat depressed. 

The fall collection exhibited a strong positive correlation of species 
richness and water depth. 

The number of individual epifaunal organisms collected at each station 
had a general tendency to peak at mid-depth or shallow-intermediate depth 
and to decrease shoreward and offshore. Transect I epifaunal density 
distribution followed the general pattern but had maximal numbers of 
individuals at inshore sites, more so than other transects. A highly 
varied pattern of density was seen on Transect II. Winter collections 
were small and similar in numbers of individuals across the shelf. A 
major peak in density occurred in the spring collection at Station 2/II 
with numbers of individuals decreasing shoreward and offshore. The fall 
collection on this transect displayed the densest epifaunal communities 
observed for the entire year, particularly at the four shallowest stations. 
The number of epifaunal organisms collected on Transect III varied widely 
through the year. The winter collection had dense populations on the inner 
half of the study area. This transect was practically depauperate during 
the spring collections. Fall collections indicated peaks of abundances 
at Stations 1, 2 and 6. Transect IV had epifaunal density patterns 
similar to Transect III with the winter onshore collections slightly dimin- 
ished and the fall collections generally increased. 

Epifaunal diversity (H') was generally lower than that exhibited by 
infaunal collections. No trends were observed which were consistent across 


all transects so no general pattern of diversity could be proposed. Tran= 
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sect I generally had relatively high diversity consistent across the shelf 
with some tendency to increase with depth in the winter. Transect II 
epifaunal diversity was extremely consistent during the winter showing 

a major peak at Station 2/II in the spring and major decline at Station 
@/ii in the fall.” Transect III exhibited a fairly high winter diversity 
with a minimum at Station 1/III. Increases in this variable with depth 
were observed, except at the deepest site where a decrease in diversity 
was seen. A major decrease in diversity was observed at 3/III in the 
spring collection. Spring diversity on Transect III was fairly uniform 
with decreases at Stations 5 and 6. Transect IV had relatively low 
diversities in the winter, uniformly high values in spring with the excep- 
tion of Station 3/IV and a tendency for H" values to increase with depth 
Bn the fall. 

Epifaunal equitability values showed no pattern consistent to all 
transects. There was a trend toward greater equitability inshore and 
offshore with mid-depth areas being depressed. Transect I showed a 
smooth pattern of increasing equitability with depth in the winter. 

Spring and fall values were more diverse with low equitability at Stations 
1 and 6 in the spring epee nt aa - Wohin auc wo mae Che tall. “Transect IL 
exhibited increased equitability at the deepest site (Station 3) in win- 
ter and spring which decreased sharply in fall concommitant with an 
increase in equitability at the nearshore stations. Transects III and IV 
were very similar in the winter with high equitability at all except the 
shallow mid-depth stations. Equitability on Transect III showed peaks 
shallow and deep with variable levels between in the spring while Transect 
IV values remained almost uniformly high. Fall collections on Transects 
III and IV indicated the trend toward greater equitability inshore and 


offshore with decreased values at mid-depths. 
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Infaunal data from all 25 stations for each of the three seasons was 
subjected to cluster analysis. One hundred and seventeen (117) infaunal 
species were selected for inclusion in this analysis by the BIS criteria. 
Thus an original data matrix of 75 site-times by 117 infaunal species was 
compiled and subjected to both normal and inverse cluster analysis. 

The dendrogram resulting from normal analysis of infaunal data 
(Figure 17.7) indicated that our study area was divided into five distinct 
regions, each represented by a group of stations. These regions were most 
identifiable by depth, with the following designations: shallow (10-27 m); 
shallow-intermediate (18-24 m); intermediate (34-49 m); deep-intermediate 
(69-100 m); and deep (106-134 m). The apparent overlap of shallow and 
shallow-intermediate stations was due to one station (1/IV) with a depth 
of 27 m clustering with a group of three stations with depths of 15 m or 
less. Among all groups, only Station I/1V (27.m) failed to comform to 4 
clear cut depth differentiation. No station was clustered outside its 
respective group in any season (%.@. all stations showed 100% faithful- 
ness to their station-groupings). Within each station-group, many indi- 
vidual stations showed close similarity through the three seasons. There 
was definitely no seasonal trend between station-groups nor was there any 
evidence to support seasonal groupings of stations within a station-group 
observed. 

It was decided to statistically test the differences between station 
groupings that were derived from clustering and ordination techniques 
subjected to infauna and sediment characteristics separately. The multi- 
variate procedure of discriminant analysis proved valuable in testing the 
hypothesis that there was significant difference between the station 
groupings of Figure 17.8 over the study interval. The analysis technique 


provided several tools for the interpretation of the infauna data. Among 
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Figure 17.8 Location of Station-Groups (1-5) from Cluster Analysis 
of Infaunal Data. 
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these were the statistical tests for measuring the success with which the 
discriminating variables actually discriminated the station groupings when 
combined into discriminant functions and the spatial relationship that 
existed among these groups based on the final functions. The discriminating 
variables employed in this analysis were the general infaunal community 
characteristics as well as the environmental variables measured for each 
Station during each sampling period. All the variables considered are 
disted in Table 17.1. The station groupings that were subjected to the 
analyses were modified from those defined by clustering techniques. 
Station Group 1 was the same in both instances. Station Group 2. defined 
for discriminant analyses however, contained both mid-depth station groups 
(II and III) from the clustering method. The discriminant Station Group 

3 included clustering Groups 4 and 5 with the exception of Stations 
3/IV and 6/III which comprised Station Group 4 for the discriminant anal- 
ysis. 

As illustrated by Figure 17.9, there was a spatial separation of 
station groups based on both infaunal and physical station characteristics. 
Group 1 (Group 1 from cluster also), the sandy stations, were well differ- 
entiated from the other groups by the discriminating variables. This was 
also the case for Group 4 (Stations 3/IV and 6/IV of Station Group 5 from 
cluster analysis) which further supported the difference in these stations 
from the other collection sites as strongly suggested by sediment charac- 
teristics and less by infaunal community structure parameters. Station 
Group 2 (cluster group 2 and’ 3) and 3 (cluster groups 4 and 5) 
although aligned more closely on the plot (Figure 17.9) did also differ- 
entiate from one another. The classification property of discriminant 
analysis indicated that 96% of the individual stations considered in this 


analysis for the entire study interval were correctly classified into a 
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TABLE 17.1 


THE MEANS AND STANDARD DEVIATION FOR EACH STATION GROUPING OF THE DISCRIMINATING VARIABLE USED IN THE 
DISCRIMINANT ANALYSIS PROCEDURE TO TEST FOR DIFFERENCES BETWEEN THE GROUPS 





MEANS 

Abbreviation Variable Description Group lL Group 2 Group 3 Group 4 
SPC Number of Species 150 .58333 50.27083 59 .43939 117 .00000 
ABUN Total Number of Organisms 2971.79167 490 .50000 195 .36364 494 .75000 
DIV Diversity 4.97910 3.90167 5.08160 5.83635 
PIE Probability of Interspecific Encounter -91710 Seo oad: -95588 . 96705 
EQUI Equitability soa 9 ep tetopl .93068 - 77803 
SAND Percent Sand 72.539933 21.98083 7.19242 49 .34667 
SiET Percent Silt TPL soo B00 25005 31.90773 16.09083 
CLAY Percent Clay 16.14708 42.41542 60.39909 34 .56167 
MGRSZ Mean Grain Size 4.40958 7.47458 9.02212 6.035383 
GRSTD Grain Size Duration 2.85167 3.48771 3.11424 3392833 
GRSKEW Grain Size Skewness 1.30333 .33542 -.08924 -54833 
TEMP Bottom Water Temperature 22.53708 22.01250 19 .41030 20.40750 
SAL Bottom Salinity 34.32500 35921021 36 .23030 36 .24000 


GORDI firsceess i 

Community Ordination 
ORD2 Second Principal Ordinate from Infaunal 2.38942 2.24442 1.91242 4.89533 
Community Ordination 


Specs Sie o Palas 2.09545 3.38367 


31 
poe Pa 


STANDARD DEVIATION 


SPC Number of Species 44 .61421 13.94478 22 .25041 32.11344 
ABUN Total Number of etic 1588 .82489 305 .65068 117.00791 268 .90557 
DIV Diversity - 75013 - 84490 .53528 +29014 
PIE Probability of Interspecific Encounter 05673 . 13603 .02900 .00986 
EQUI Equitability .12678 .27183 -14870 . 10682 
SAND Percent Sand 9.06434 14.47718 9.24675 14.93209 
SILT Percent Silrc 3.48184 8.19747 5.23964 4.63925 
CLAY Percent Clay 6.80981 9.70989 9.34908 10 .39945 
MGRSZ Mean Grain Size - 75382 sO aa - 84588 parm iat 
GRSTD Grain Size Duration -81570 -26616 - 30285 .34443 
GRSKEW Grain Size Skewness 80634 727 05 . 21287 «30133 
TEMP Bottom Water Temperature 5.85683 4.84975 2.69727 1.54382 
SAL Bottom Salinity 1.84911 1.28661 39938 ESR ey. 
ORDL Tirst Principal Ordinate from Infaunal 2.20737 - 66997 -88032 77451 
Community Ordination 
ORD2 Second Principal Ordinate from Infaunal 1.04261 - 46398 «84519 1.95702 


Community Ordination 
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Figure 17.9 Plot of First (x axis) and Second (y axis) Discriminant 
Functions of the Discriminant Analysis Results that 
Considered Infaunal and Environmental Variables. 
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station grouping. The chi-square derived from the general Mahalanobis D 
square was 403.28 and was significant at P < 0.0001. Thus, there was 
very little probability that the groups could have been formed by chance. 
The separation between them was complete and very large. 

Examination of the standardized discriminant function coefficients 
for the two functions that exhibited the group separation in Figure 17.9 
showed that the first infaunal principal coordinate (from ordination) , 
mean grain size, percent sand and clay and number of species were most 
important (highest coefficient values) in causing the discrimination 
observed (Figure 17.9). These variables helped to explain approximately 
93% of the variation observed between stations over the study duration. 
Table 17.1 shows the means of all the variables used in the discriminant 
analysis for the four station groupings over the study period. Comparison 
of these means between station groups helped to illustrate why the most 
important variables listed above were so strong in differentiating between 
the groups. It should be noted that although the first principal coor- 
dinate from infaunal ordination was the strongest discriminating variable, 
there was not a great deal of difference between Station Groups §2 and 
4 in respect to this variable. If the second principal coordinate was 
examined, however, it was evident that this variable provided additional 
separation between these two station groups. This distinction was secon- 
dary to that derived from the variables of mean grain size, percent sand 
and clay and species number, which the analysis deemed more powerful. 

Inverse cluster analysis divided the 117 species utilized into nine 
groups which were characteristic of individual station groups or various 
combinations of station-groups. Two way coincidence tables (Tables 17.2 


and 17.3) showing constancy (Table 17.2) and fidelity (Table 17.3) of 
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TABLE 17.2 


CONDENSED TWO-WAY TABLE AS CONSTANCY OF A SPECIES 
IN A STATION GROUP 








Species Number of Station Group 
Occurrences uf 2 3 4 5 

Paraonts gracilis 74 MMMM MMMM MMMM MMMM MMMM 
Cossura delta 74 ‘MMMM MMMM MMMM «MMMM «MMMM 
Stgaembra tentaculata 71 MMMM MMMM MMMM MMMM «MMMM 
Armandta maculata 57 MMMM XXXX MMMM MMMM MMMM 
Paraprtonospta pinnata 73 MMMM MMMM MMMM MMMM MMMM 
WVepntys tnctsa 63 TIIIT MMMM MMMM MMMM «MMMM 
Ntinoe nigrizes 56 MMMM MMMM XXXX MMMM 
Thary=. anrulosus 50 MMMM XXXX IIII MMMM XXxXX 
Tharyx martont 39 MMM MMMM IIIT MoM MoM 
Lumnbrinerts parvapvedata 68 MMMM MMMM MMMM MMMM MMMM 
Medtomastus calvforntensts , 63 MMMM MMMM MMMM MMMM IIII 
Volvuulellae texastana 43 LEE MMMM PTET SR CO 
Sotopnanes sp A 34 MMM {TT ie 
Paoraonts sp A 52 IIIL MMMM MMMM MMMM 
Paraontdes lyra 43 MMMM XXXX MMMM IIII 
Pilargts berxelyae 14 
Coroula swifttana 55 MMMM MMMM IIII MMMM 
Polychaet2 sp. A 42 MMMM <ITID, TELL |xkxx 
lumprenerts temuts 39 MOM «LITE xxxx LILI 
Wotomastus cf. latertceus 47 MMMM MMMM MMMM XXXX 
Drilonerets magna 34 MMMM MMMM Eid 
Magelona longtcornts 49 XXXX MMMM MMMM MMMM 
Ampelisea verrtil¢ 42 MMMM MMMM IIII [III 
Nereid (Nicon) sp. A 43 MMMM MMMM MMMM IIII 
Ampeltsea cgasstzt 40 MMMM MMMM MMMM ITII 
dAmpeltsca abdztta 38 XXXX MMMM XXXX IIII 
Asyents elongata 26 BAX ShEDRy LITT  =hEET 
Nereid sp. 3 2 dig i goats ig 155 RAK 
Yotomastus latertceus By XXX III 
Aedtctra belgicae 31 MMMM XXXX IIIT 
Minuspto ctrrmifera 21 MMMM XXXX 
Apseudes sp. A 21 IIII MMMM 
Ilestrtella barnardt 25 MMMM %IIII Xxxx 
Mageiona rosea 36 MMMM XXXX XXxX 
Artetdea jeffreystt 36 MMMM XXXX XXXX 
Vrtrinella floridaa 19 OX XXXX 
Minusoto longtbranchiata 21 Rat teeny Sheet 

| Magetona phnylirsce 32 MMMM MMMM «IIIT 

| Strenalats doa inate MMMM TILT. gees 

| Gyptt3 vittata 25 MMMM IIII 
Natica camrenda 18 MMMM IIII 
Ampharete acutifrons 2g MMMM Z2rt 
Paleamotus heteroseta 19 MMMM 
Artctdea cf. fragrizs 19 MMMM 
Artotdea taylort 19 MMMM 
Quenta fustformis nae MMMM 
Anadara transversa 18 MMMM 
Pseudophiloamedes sp. 3B 4 
Caecum pulcne lium 3 
Abra aequalis ay) MMMM IIII 
Yotomastus americanus 18 XXXX 
Tellina verstcolor ‘22 MMMM 
Sptopnanes bomby=x 9 MMMM 
I3otda pulchella 9 MMMM 
Ceratonerets trrttapilis 7 ILar 
Clymenelia torquata 15 MMMM 
Prtonospto ertstata 14 MMMM 
Ceratocepnale oculata 21 MMMM 
Glotéidta pyranidata i IIII 


lunbrinerts alotdentata 20 XXxX 
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TABLE Ay o2) CONT 





Species Number of Station Group 
Occurrences BL Z 3 4 3 
Kalltapseudes sp. A 14 XXXX 
Automate evermannt r28 XXXX TLL 
Eudorella monodon 32 MMMM XXXX 
deteropnoxus © ef. oculatus 25 Titi MMMM 
dtppomedon cf. serratus 24 TIT FILI OKeS 
Paramphinome culchella 22 XXXX 
Amoharete parvtdentata 17 XXX 
Thyastra sp. A an XXX 
Byala sp. A 2g ELEL XXXX IIIT 
Cyelocardta armiulia 6 LIL 
Ostracod sp. A S) XXX 
Philomedes sp. A 14 MMMM 
Sylirs sp. C 16 MMMM 
Ertopi3sa tnetsa 8 
Sanguinolarta sanguinolent 10 IIIL 
Sovopnanes longtctrrus 31 MMMM XXXX 
Picar cordatus SH MMMM MMMM 
Scutopus sp. A 28 MMMM <XXXX 
Stermaspts scutata 30 MMMM =MMMM 
Syblits cf. affints 26 xxx MMMM 
Paralacydonta paradoza 29 XXxXX MMMM 
Ampeltsea sp. A 28 XXXX MMMM 
Alternochelata sp. A 22 IIII MMMM 
Dentalium sowerdyt 28 XXX MMMM 
Thyastra pygmaea 22 IIIT MMMM 
Oruphts sp. B des TLE SELLE 
Ostracod sp. D a2 LTE 
Gontada maculata 18 5 Me a ge 
Sptopnanes wigleyt 19 Piiie liad 
Lenantiura brevitelson 18 MMMM 
Sanstella cf. grout i5 LSE 
Apantiura magni frea 7 
Fabricta sp. ny 5 
Sonaerosyllis cf. sublaevis 10 Liiy 
Pseudopntlomedes a A 6 
Rutiderma sp. A 3 
Ruttiderma Sp. B 9 
Onuphis sD. F 8 IIII 
lunbrinerts ci. magalnaenst 7 
Tanmatd sp. B 4 
Teredellides stroemit 37 MMMM XXXX MMMM 
Vuculana acuta ae MMMM IIII MMMM 
Aglaopnamus ctretnata 31 MMMM IIII MMMM 
Philine sagra 19 ET AUBERT, | TURGAR 
Glycera tesselata 30 sC1gAg IA XXXX XXXX 
Harbansus pauctchelatus 25 we g bp Gy here. .& v6 
Ampharete amerteana 17 XXXX Lilz 
Sptochaetopterus costarwn 24 XXXX TIIt 
Prtonospto steenstrupt 18 XXXX Tiit 
Stgamora basse 22 MMMM [III 
Oruphis sp. A : 30 XXEX 6OTTIT FEI MG. PET ELE 
Laonice ctrrata 22 XXXX ~=LIII 
Unetola serrata 20 XXXX i ag 
Phyllodoce mucosa 27 XXxX XXXX 
Ctrrophorus lym formis 27 IIII MMMM 


MMMM = > .70 
XXXX = SO 15.09 
IIII = 2a0) ee 49 


Blank = < -30 
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TABLE 17.3 


CONDENSED TWO-WAY TABLE OF FIDELITY OF A SPECIES 
IN A STATION GROUP 











Species Number of Station Group 
Occurrences af 2 3 4 5 

Paraonts gractlis rE PEL LIIL Ttit- pie 

Cossura delta 74 ; BAAN ROR «ARETE, | CURR Ne es BF a 

Stganora tentaculata 7i ED OE al UE BAA oh GR 

Armandta maculata 57 Sti Wiese, paawnene 

Paraprtonospto pinnata 73 Lil LLL StL 

Vepatys tnetsa 63 BER Goa OS LS 2 fee ees atv Oman aN a 
tnoe ntgrioes 56 EALREN SMe ednegd LELE 

Peri arnmlosus 50 eer Tee Lie 

Tharye martont 59 qIiz TITT. it 

Lunbrinerts parvapedata 68 TIP ATILE 

Medzomas tus cali forntensis : 63 SNCS eGR G ng SMES TINE 

Volvuleile texastanda 43 IEIEIETE 

Sctophanes sp A 34 Tit Tris 

Paraont3 sp a 52 IIII PLE iis 

Paraontdes Lyra 43 fitz LIL 
Pilargts berkeluae 14 IIIl LIII BRE 

Corouia swtftctana 55 deol et Beak bipwue 

Polychaeta sp. A 42 ELLE ELLE 

lumorinerts tems 39 tet i Tien 

Notomastus cf. letertceus 47 PTE ee yee We ete: 

Drvlonerets magna 34 SED Tot 

Magelona longvcornts 49 Beg Eek ees 

Ampelisea verrtliz 42 PERG ORR 
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Kalltapseudes sp. A 
Automate evermannt 
Eudorella_monodon 
Heteropnozus cf. oculatus 
atppomedon cf. serratus 
Paramphinome pulehella 
Ampnarete parutdentata 
Thyastra sp. A 

Ayala sp. A 

Cyclocardia armilla 
Ostracod sp. A 
Philomedes sp. aA 
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Scutopus sp. A 
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Amelisea sp. A 
Alternocnelata sp. A 
Dentaltum sowerdyt 
Thyastra pyomaea 
Omipnts sp. 3B 

Ostracod sp. D 

Gontada maculata 
Sotopaanes wigleyt 
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Fabricta sp. A 
Sonaerosyilts cf. sublaevts 
Pseudophilomedes sp. A 
Rutiderma sp. A 

Rutiderma sp. B 

Omupnts sp. F 
lumbrinerts c 
Tamatd sp. B 
Terepellides stroemtt 
Yuculana acuta 

Aglaophamus ctiretnata 

Philtne sagra 

Glycera. tesselata 
darbansus pauctchelatus 

Ampharete amertcana 

Sotocnaetopterus costaru 

Prionospto steenstrupt 
tgamnbra basse 

Omuphts sp. A 

Laontce ctrrata 

Unerola serrata 

Phyullodoce mucosa 
Currophorus lyrt formis 


£. magalnaenst 


MMMM = > 3 
XXXX = 2 - 2.99 
IIII = 1-1.99 
Blank = < l 


Number of 
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each species for each station-group enhance visualization of the associa- 
tion of species-groups with station groups. 

Species Group I (SGI) contained species which were generally ubiqui- 
tous over the entire study area with relatively high constancy and low 
fidelity for all station groups. This group (SGI) contained many abundant 
species such as Paraprtonospto ptnnata and Lumbrinerts parvapedata but 
also included some relatively uncommon but truly ubiquitous species such 
as Ptlargts berkelyae. All but one species in this group were polychaetes. 

Species Group II(SGII) also contained species which were nearly 
ubiquitous over the study area but were relatively rare or absent from the 
deepest stations. Constancy was relatively high at all but the deep and 
intermediate-deep station groups. This group of 13 species had nine poly- 
chaete, three amphipod and one pelecypod species. 

Species Group III (SGIII) contained species with shallow to inter- 
mediate depth distribution. Most species within this group (SGIII) had 
higher constancy and fidelity in the shallow and shallow intermediate 
group than in the intermediate depth group. AI1l had very low constancy 
for the deeper station groups. Of the eight species in this group; five 
were polychaetes, one was a tanaidacean, one an amphipod and one was a 
mollusc. 

Species Group IV (SGIV) was a relatively large group (23 species) 
that were practically limited to the shallow station group. Several spe- 
cies (SGIV) were minimally represented in other station groups but this 
group showed high constancy and fidelity only at the shallow stations. 

This group contained 16 polychaete, five mollusc and two arthropod species. 

Species Group V (SGV) was comprised of three crustacean species which 
were found primarily in the shallow-intermediate depth range. They were 


not found at the shallow or deep stations. 
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Species Group VI (SGVI) was comprised of six species, two polychaete 
and four crustacean, which appeared to be distributed in the intermediate- 
to-deep station groups, not being found in the shallow zones. Most spe- 
cies in this group showed higher constancy and fidelity for the deeper 
stations than for intermediate stations. 

Species Group VI (SGVI) was comprised of 22 species; seven polychaetes; 
six molluscs, five ostracods, three amphipods and one isopod. This group 
was found primarily at the deeper stations with very low constancy or 
fidelity at intermediate or shallow sites. 

Species Group VIII (SGVIII) was comprised of nine species; three 
polychaetes, two isopods, three ostracods and a tanaid. This group con- 
tained species found only on Transect IV. Most of these species were 
found both shallow and deep and showed low constancy with relatively high 
fidelity. 

Species Group IV (SGIX) consisted of nine species; six polychaetes, 
two molluscs and an ostracod. This group of species exhibited a unique 
distribution pattern in that they had relatively high constancy at both 
the shallow and deep stations but were absent or rare at intermediate 
depths. 

The station-groups delineated by cluster analysis were differentiated 
by species composition of the stations within the different groups. It 
was apparent that the biotic composition of the groups varied not only 
at the species but also at higher taxonomic levels. Table 17.4 shows the 
percent composition by phyla at each station group for the year. Generally, 
the percent contribution of polychaetes was highest at the shallow stations, 
tapering off slightly at deeper stations. It was observed that the per- 
centage of polychaetes was lower than was to be expected at the shallow- 


intermediate group. This resulted from large numbers of Ampeliscid amphi- 
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TABLE 17.4 


PERCENT MAJOR TAXA FOUND AT EACH STATION GROUP 


Station Group 


-: 2 3 4 a 

Taxa 

Mollusc eg Oro 7 Sa toe eee. 907 ons 
Polychaete eee jmetie eee. OpwOe 58.56. 521.4 
Crustacea 6.45 24.87 19728 10.34 18.16 
Gastropod Leveeie Sey 5778 3, Oe Ze 00 
Pelecypod Berd OT Gee. 14.300) 10b7 O 
Ostracod 0.60 - 0.25 1.80 8.20 
Malacostra Oo7'5 ie ae ee ok det) os 68 
Isopoda 0.50 - 0.10 0.50 1.80 


Amphipoda 3.6 24.0 7220 S266. 4098 
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pods being found at one station (1/III) within the shallow-intermediate 
group, thereby lowering the polychaete domination within this group. The 
percent contribution of molluscs and most arthropods was highest at the 
deeper stations. The above mentioned dominance of Ampeliscid amphipods 
at Station 1/III also interfered somewhat with this pattern. 

Examination of taxa between species and phylum level showed that 
within the mollusca, pelecypods had the highest percent contribution in 
the deep and, secondarily, in the shallow station groups. Pelecypods 
were generally rare or absent from intermediate depth stations. Gastro- 
pods, however, showed their highest percent contribution (although it was 
low) at the intermediate depth stations. Within the arthropods, ostracods 
and isopods showed highest percentage contribution at the deeper stations 
while amphipods and malacostracans were more prevalent at intermediate 
depth stations. 

Cluster analysis of epifauna data divided the study area into two 
major regions based on depth and/or distance from shore (Figure 17.10). 
All stations with 10 to 45 m depth (plus 2/II at 49 m) and located less 
than 30 miles offshore were grouped together (A). Stations with depths 
greater than 45 m and located at least 30 miles offshore formed the other 
Major group (B). The two regions varied in other physical variables. 
Temperatures (10-29°C) and salinity (30-37 ppt) varied widely throughout 
the year in Group A. Group B stations were characterized by a more stable 
temperature (15-25°C) and salinity (35-37:ppt) regime. There was consider- 
able overlap of sediment types between the two regions but the sandiest 
sediments were found at shallow, nearshore stations and the highest clay 
content was in sediments from the deep offshore stations. 

Subdivisions of the dendrogram divided the study area into six groups 


of stations. These minor divisions generally corresponded to shallow 
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Figure 17.10 Normal Dendrogram From Cluster Analysis of Seasonal Epi- 


faunal Data. Numbers to the Right of Station/Transect 
Designation Refer to Depth (in meters). Large Numbers 
and Letters on the Left Designate Station-Groups. 
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(10-15 m), shallow-intermediate (22-45 m), deep-intermediate (47-100 m), 
and deep (106-134 m) stations (Figure 17.11). Stations which clustered 
together two out of three seasons were considered to be a group. Sea- 
sonal changes in abundance and the mobility of epifaunal organisms pre- 
cluded clean distinctions of station groups consistent through the year. 
Station Groups 3 and 4 contained Transect IV stations which had fewer 
individuals and species compared to the other groups. Station 3/III was 
not grouped because it was in a different station group each season. 

Station groups were defined by the species found there. Clustering 
by species or inverse analysis resulted in eight species groups (Figure 
17.12). The first three groups of species were collected only at stations 
with greater than 45 m depth; Species Group IV was taken most consistently 
at the same stations (Figure 17.13) Group V species were collected by 
intermediate depth stations but not at shallow or deep stations. Species 
in Groups VI and VII were most often collected at stations less than 45 m 
in depth. Group VIII species were collected at all but the deepest sta- 
tions. Species representative of the station groups are listed in Table 
17.5, along with correlation coefficients of the abundance of each species 
with physical variables. One method for interpreting data from STOCS study 
is to analyze distributions of species in response to the physical regime 
they encounter. Simple linear regression was used to test the hypothesis 
that there was a causal relationship between the abundance of a species 
and a physical parameter. Depth was the most consistently significant 
variable for all species except those collected at intermediate depths. 
Salinity appeared to be the least important variable. 

Distribution of a species was probably influenced by several physical 
variables. Multivariate effects were analyzed by constructing linear addi- 


tive models. The results were examined for reduction of the mean square 
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Figure 17.11 Location of Station Groups fromCluster Analysis of 


Seasonal Epifaunal Data. 
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Fagure 17.13 


LPAD9 


STATION GROUPS 


MODERATE VERY LOW 


CONSTANCY 


Nodal Constancy in a Two-Way Table of Species Groups 

in Station Groups from Seasonal Epifaunal Data. A 
Value of 0 Means that None of the Species in a Group 
Occurred in the Station Collections; a Value of 1 Means 
that All of the Species in a Group Occurred in All Col- 
lections in a Station Group. 





TABLE 17.5 


SPECIES CHARACTERISTIC OF VARIOUS DEPTH ZONES AND CORRELATION COEFFICIENTS OF THE SPECIES ABUNDANCE WITH BENTHIC PHYSICAL VARIABLES 








Optimal Total 
Depth Zone Abundance 
Shallow to 513 
Shallow- 230 
Intermediate 386 
(10-45 m) 
Intermediate 448 
(29-91 m) 112 

140 

Intermediate 583 
to Deep 1160 
(40-134 m) 119 
1101 

Deep-Inter- 37 
mediate to Deep 84 
(65-134 m) 14 
19 

30 

Ubiquitous 1775 
Except Deep 3319 
(10-106 m) 2443 
1265 


Species 


Squilla empusa 
Penaeus setiferus 
Portunus gtbbestt 


Squilla chydaea 
Steyonta brevtrostris 
Astropecten duplicatus 


Amustum papyraceus 
Solenocera vtoseat 
Anasimus latus 
Portunus spinicarpus 


Anadara baughmani 
Parapenaeus longtrostris 
Rantnotdes loutsianensis 
Brissopsts alta 
Astropecten ctngulatus 


Penaeus azstecus 
Steyonta dorsalis 
Trachypenaeus similis 
Callinectes similis 


*Level of significance « = 0.01 





Julian 
Day 





-150 
oh L* 
oh 92% 


-.037 
113 
-167* 


.076 
-1ii 
~175%* 
- 184% 


-092 
-002 
-058 
-.025 
-.005 


.084 
-146 
. 102 
222% 


SINGLE EFFECT ~ CORRELATION COEFFICIENT 








Depth Temperature Salinity Mean Grain Percent Transect 
Size Silt 
—.370% -190* ~. 250% -.235* =o O25 —.204% 
= pt hai his 212% —. 178% =e LO -.140 ~.218% 
= 74 3)3%5 285% =. O15 Seah} = 062 sey iz 
ed 041 -—.003 -.014 ~215* O01 
-028 -lil - 084 O31 -.046 -.052 
=, LOL SCA -.090 at M2 -183* -.041 
156 -.010 - 096 139 -085 -.130 
.087 -062 —.048 093 199% -.124 
262% —.087 091 078% ~.004 -067 
214% - .066 -.007 -lil -009 059 
272% -.066 -103 ~ 244% -003 -020 
- 288% -.069 054 . 167% -.015 O52 
274% ~.094 ~122 ~ 242% -.027 .063 
- 183% -.054 059 -128 ~.029 .128 
-178% -.096 084 141 -047 -.003 
~.182%* .147 049 -.024 - 108 -.061 
SUVA} +59 -045 -.034 E29 -.037 
= Spy .036 —. 341% -.024 .207% ~.113 
= 2928 -407* 112 ed. O) .212% =. Loo 
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(a measure of the reduction of the variance) at several levels of signifi- 





cance for rejecting the null hypothesis (Table 17.6). The independent 
variables were depth, temperature, salinity, mean grain size, percent silt, 
Julian day and transect. An important point to note was that the mean 
square reduction for all species models was generally low and never exceeded 
27% implying that a great deal of the variance remained. Species (Group VII) 
representing shallow and shallow-intermediate depth stations shared a common 
response of decreased abundance with increased depth toward the southern 
transects. Intermediate depth stations were represented by species (Groups 
IV and V) which were each responding to different environmental conditions. 
Depth was the only significant variable for explaining the distribution of 
species collected at deep-intermediate to deep stations (Group III). The 
ubiquitous species (Group VII) were collected at most stations and as was 
expected, the multivariate models of these species had little in common. 
Although there were species groups characteristic of station groups, these 
results indicated that few species showed a common response to the physical 
environment found at those stations. The species that comprised a species 
cluster generally exhibited a wide variety of responses to a variety of 


physical variables. 


DISCUSSION 
Infauna 
Infaunal communities of the STOCS have historically been little stud- 
ied. The present three year study remains the most extensive research pro- 
gram known to have investigated the macroinfaunal communities of sthis por- 
tion of the Gulf of Mexico. Previous reports by the author have reported 
basic similarities between these studies and those of investigators on 


other continental shelf areas. For example: zonation of infaunal assemblages 





TABLE 17.6 


LINEAR ADDITIVE MODELS FOR SPECIES REPRESENTATIVE OF THE SPECIES GROUPS FROM CLUSTER ANALYSIS 

















Species Species Multiple Effects Significance Percent Mean 
Group Linear-Additive Model Level («) Square Reduction 
VI Penaeus duorarun A = .23 (mean grain size) + 1.98 01 10 
VII Squtlla empusa A=-17 (% silt) - .08 (depth) - 2.9 (Transect) + 20.3 01 22 
A=-.17 (% silt) - .08 (depth) + .01 (Julian Day) - 2.8 (Transect) + 18.0 02 24 
VII Penaeus setiferus A = ~.08 (% silt) - .03 (depth) + .01 (Julian Day) - 1.35 (Transect) + 7.9 O01 22 
VII Portunus gibbestt A = .42 (temperature) - .03 (depth) - 4.85 -O1 10 
A = .42 (temperature) - .03 (depth) - 1.2 (transect) - 2.0 02 12 
V Squilla chydaea A= .13 (4 silt) - 1.8 -O1 4 
A = .63 (mean grain size) + .19 (% silt) + 1.2 04 6 
V Steyonta brevirostris A = .003 (Julian Day) + .04 -08 1 
V Astropecten duplicatus A = .15 (temperature) - .34 (salinity) + .05 (% silt) + 8.2 -O1 10 
Iv Amustum papyraceus | A = .80 (mean grain size) - 3.31 -0O1 3 
Iv Solenocera vioscat A = .30 (% silt) - 2.89 OL 5 
Iv Anasimus latus A = -.45 (temperature) + .02 (Julian Day) + 6.39 -O1 12 
A = -.35 (temperature) + .02 (depth) + .02 (Julian Day) + 3.76 02 14 
lv Portunus spintearpus A = -2.9 (temperature) + .15 (depth) + 40.76 -O1 11 
IIL Anadara baughmani A= .01 (depth) - 0.16 .O1 7 
IIL Ee ocee al ay contri A= .01 (depth) - 0.35 OL 8 
Ill Rantnoides loutstanensis A= .002 (depth) - 0.07 .01 7 
Ill Briseopsis alta A = .003 (depth) - 0.13 01 3 
A = .003 (depth) + 0.11 (transect) - 0.40 04 5 
Ill Astropecten cingulatus A = .003 (depth) - 0.07 .01 3 
VIL Penaeus aztecus A = 10.8 (mean grain size) - 0.64 (depth) - 24.2 -O1 6 
VIIL Steyonia dorsalis A = 4.36 (temperature) - 0.70 -Q2 3 
VIII Trachypenaeus similis A = -2.24 (temperature) - 9.13 (salinity) + 1.0 (% silt) - 0.31 (depth) + -O1 27 


0.14 (Julian Day) + 355.0 


VIII Callinectes similis A 


" 


0.97 (temperature) + 2.45 (salinity) - 0.11 (depth) - 3.17 (transect) - 86.5 01 26 


Cte: 
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with depth; increase in species richness in sandy-shelly sediment; decreased 
diversity and increased dominance in physically-controlled communities; 
increased diversity and increased equitability in biologically accomodated 
communities, etc. The 1977 data was analyzed in order to corroborate our 
initial findings. 

Basic parameters, descriptive of various communities, generally include 
species richness, density of individuals, species diversity and equitability 
These four were closely analyzed to attempt to describe general patterns of 
communities within the study area and to make comparisons between transects 
and between stations within a transect. 

Several patterns of interest were apparent from the species richness 
data. First, the general spatial pattern of species richness on each tran- 
sect remained very stable temporally. This implied that either benthic 
macroinfaunal communities in our area displayed little seasonal fluctuation 
in major component species or that a highly defined seasonal succession was 
occurring in which one species replaced another. Thus, the number of spe- 
cies varied little through time. There was no evidence to support the 
latter hypothesis from our 1977 data or from preceding years. Data from 
each station for each collection (Appendix P) tended to support the former 
hypothesis. Consequently, with few exceptions, there was little temporal 
variability in the various infaunal populations comprising the communities 
of the shelf. This was particularly true of the more numerically dominant 
species. The lack of seasonality of dominant infaunal species was also 
observed in a study of the wet weight biomass of fourteen infaunal species 
selected for relative “importance” to the infaunal community. Importance 
was defined as density, size or uniqueness (Holland and Holt, 1977).. The 
relatively small biomass and the constancy with which various infaunal 


species were collected indicated that most of the infaunal species exhibited 
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a very short life span and consequently a relatively high turn-over rate in 
the warm waters of the South western Gulf. In an earlier. report’ (Holland, 
In Groover, 1977), the use of a technique (Gaufin et al., 1956) was pro- 
posed by which efficiency of collection of species at a given site could 
be estimated. In that report, it was shown that on Transect II between 

65 and 72% of the total number of species originally collected in 12 
replicate samples could be collected in six samples and that between 87 
and 93% of the non-rare species (defined as having been collected in more 
than one of the original 12 samples) could be collected in six replicate 
samples. Applying this information to the above hypothesis of relative 
temporal stability of component species, it was readily seen that observed 
variation in a species at a station through time may well be more a facet 
of collecting efficiency than of actual temporal variation. This was 
especially true for the less common species. 

The second pattern observed in the species richness data was that 
Transects I and II were similar in having little or no peak in species 
richness at the innermost sites and often having more species at deeper 
stations than at shallow ones. Transects III and IV were more nearly 
similar in that large peaks of species richness always occurred at the 
shallow station although Transect IV always had high species richness at 
Stations 3/IV and 6/IV also. This pattern (possibly due to latitudinal 
differences) was of interest because we had earlier postulated (Holland, i” 
Parker, 1976) a possible Caribbean influence on the southernmost transects. 
There was a group of infaunal species observed (SGVIII) which were limited 
to Transect IV. So there continued to be evidence for some latitudinal 
variation within the study area. It was felt, however, that the major 


differences between transects observed in the species richness data were 
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also influenced by sediment type. Recent information from Dr. Behrens 
concerning the percentage composition of sediment particles greater than 

1 mm (0 phi) correlated nicely with the observed species richness data. 
There may have been several mechanisms influencing species richness. 

These included some depth related parameters influencing the northern two 
transects; sediment particle size which may have been more important on 

the southern transects due to larger particle size at the inshore station 
on Transect III and at several stations on Transect IV; and the latitudinal 
influence because of increased species richness on the southernmost tran- 
sect. 

Any discussion of species richness as a community structure parameter 
should note that it is a quantitative parameter not a qualitative one in 
terms of the biotic community. That is, communities with the same species 
richness are not necessarily the same in component species. A major misuse 
of species richness information comes from the fact that these data are 
invariably presented as species collected from a certain sample size and 
comparisons between areas are made on samples of equal sizes. It was shown 
(Holland,° In Groover,, 1977) that sampling efficiency varies such that six 
replicate samples in one area may well sample that area more efficiently 
(t.@., catch more of the species in that area) than six samples from 
another area. It is true that the fewer the samples taken, the greater 
the disparity may be. There is probably a 5 to 64 efficiency difference 
between the inshore samples and offshore samples when considering only 
the non-rare species collected in six replicates. There is probably 7-8% 
difference in the efficiency of catch of the total species. In both cases, 
sampling is less efficient in the deeper sites. This is due to the scale 
of distribution relative to the sample size. The species inshore are 


distributed or tend to be distributed on a smaller scale and therefore are 
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sampled more efficiently with a given (small) sample size. If a correc- 
tion for this disparity is built into our data, the offshore data would 
be slightly enhanced relative to the onshore data. With as many as six 
replicates, this disparity is relatively small and thus was not corrected 
for. A real problem occurs when data from only one or two grabs is 
reported which may involve a disparity of 15-20% efficiency between areas. 

A definite pattern of decreasing density (number of individuals per 
unit area) with increasing water depth was observed on all transect although 
minor peaks in density occurred on some transects at deeper sites. We 
felt that there was a multiplicity of reasons explaining this fact. The 
inshore waters had richer supplies of nutrients in the form of detritus, 
phytoplankton and dissolved materials. This afforded a greater carrying 
capacity in the ecosystem which may have directly affected the benthos. 
The nature of the inshore sediments (sandy-shelly), provided greater niche 
availability. The physically dominated nature of the inshore community 
may have selected for species with higher reproductive capacity while the 
biologically accomodated offshore community possible could not tolerate 
high densities of individual populations. 

Speculatively, the trophic level of various members of each community 
may limit individual densities, t.e., inshore communities with organisms 
of all trophic levels may allow for crowding whereas a community comprised 
of predominantly one major trophic level (non-selective deposit feeding) 
may require more space per individual thereby limiting density. This line 
of reasoning suffers from lack of information on the feeding habits of many, 
if not most, marine benthic macroinvertebrates. 

The number of individuals per station remained very stable through all 


seasonal collections adding credence to our hypothesis that many infaunal 


it 7 


| species in our study area were short-lived species and the populations 








were essentially reproducing year-round, maintaining on the average very 











stable population numbers. There were, of course, some populations that 

showed periodic increases presumably due to reproduction and recruitment 

but the variability inherent in many of these "blooms" suggested the capa- 
bility to reproduce practically year-round. Again, the biomass study pre- 
viously mentioned (Holland and Holt, 1977) showed a high degree of constancy in 
individual population numbers throughout the year. 


Transect II was generally the most depauperate transect in that it 





lacked the inshore peak abundance common to the other three transects. The 
innermost station on Transect II (1/II) was about seven meters deeper than 
the innermost station on the other three transects. It lacked the sandy- 
shelly stations that apparently so influenced the number of individuals 

on the other three transects. While it was true that sandy—shelly sub- 
strate apparently is highly correlated with large numbers of individuals 
at the innermost stations on Transects I, III and IV, there must have been 
other factors involved in the increased densities at these stations. 
Although Stations 3/IV and 6/IV had sandy-shelly sediment, they did not 
produce the numbers of individuals observed in the inshore sandy-shelly 
Stations. Again, we believed other factors including food availability, 
Mature of the community, trophic levels, etc. were interacting to allow 
the increase in density at the inshore stations. It was true that sharply 
increased infaunal densities were observed at Station 6/IV in the winter 
collection of 1977. This collection had two-to-three fold the number of 
individuals of other collections at this station. Of the 984 individuals 
collected, 42% were accounted for by the dominant 10 species (of 171 total 
Species). Apparently there was a minor bloom in some of the dominant 


Species accompanied by a large number of relatively rare species collected. 
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Transect IV exhibited the overall highest densities of organisms. This 
probably occurred due to the sandy-shelly substrate which was much more 
prevalent on this transect. 

Diversity and equitability are community structure parameters that 
are closely interrelated. Species diversities at various stations in our 
study area generally ranged between 3 and 6, which was considerably higher 
than those observed (Holland et al., 1974; 1975) in estuaries adjacent to 
the present study area. Fewer species and individuals per station also 
characterized the estuarine studies which utilized a much smaller sample 
size. Diversity of infaunal communities of the STOCS had a decided ten- 
dency to increase offshore. The increase in equitability with depth was 
generally much more pronounced. Equitability is a measure of how evenly 
the number of individuals is spread between the number of species present 
and as such is actually a part of the diversity measure. It is felt that 
the increase in diversity offshore in the infauna communities was simply 
a reflection of the lack of numerical dominance by a few species which did 
occur at the nearshore stations. Several stations had chronically low 
diversities and low equitability (t.é. Station 1/III and 5/IV) at which 
one or two species were found to generally dominate the samples. Ampelis- 
cid amphipods (most often Ampeltsca agassitzt) dominated Station 1/III 
year round and Paraprtonospto ptmnata and nemerteans were most dominant 
at 5/IV. This tendency for dominance by a few species was characteristic 
of physically controlled communities and added further credence to our 
population of inshore physically controlled communities and offshore 
biologically accommodating communities. 

Cluster analysis of the infaunal data essentially corroborated with the 
data of previous years in that a number of station groups primarily related 


to water depth, somewhat modified by sediment types, were delineated. As 
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previously reported (Holland et al., In Groover, 1977), zonation of infaunal 
assemblages with depth on continental shelves is a commonly reported pattern 
(Day et al., 1971; Field, 1971). Five station clusters were delineated by 
normal cluster analysis of 1977 infauna data. These five station groups 
were arranged on a perfect depth gradient with the exception of one station 
(1/IV), which at 27 m was clustered with three stations of 15 m or less. 
This apparent anomaly was closely checked and we agreed that the program 
had properly classified 1/IV with the shallower stations. It had excellent 
representation by the ubiquitous (SGI) group, the nearly ubiquitous group 
(SGII) and the shallow-intermediate group (SGIII). Of the group of 16 
species (SGIV) specifically characterizing the shallow stations, 12 were 
found at 1/IV in the winter, 15 in the spring and 15 in the fall. Although 
most of the species from SGIV were common to 1/IV. There was a definite 
tendency for them to be found in reduced numbers, especially dominant forms. 
It was significant that the three collections from 1/IV clustered together 
first and then were added to the remaining six station-time collections 
from Stations 4/I and 4/III which had agglomerated without pattern. These 
nine station-time collections were then joined by the three station 4/IV 
collections to make up the shallow group. This same pattern was true for 
sediment composition of these four stations, t.@. Stations 4/I and 4/III 

had sandy-she lly sediments which clustered indiscriminantly. Station 1/IV 
had significantly greater sand-shell in its sediments and thus would join 
the former two stations after their collections had been added by the 
agglomerative process. Finally Station 4/1, with the highest percentage 

of sand and shell, combined with the rest to complete the group. Thus it 
seemed that although Station 1/IV was 12 m deeper than the three sites 

with which it clustered it was central to them in sediment type and was 


correctly clustered with them. 
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Each of the station clusters was characterized by one or more species 
groups. Station Group I, the shallowest stations on Transects I, III and 
IV plus the slightly deeper 1/IV showed relatively large numbers of species 
including most species of SGI, SGII, SGIII, SGIV, SGV, and SGIX. All these 
species showed relatively high constancy at the group 1 stations indicating 
that they were found often at these inshore stations. Only species groups 
Tif, IV, and IX indicated high levels of fidelity to Station Group I indica- 
ting that these species, especially SGIV are found primarily at the very 
shallow stations. Most of the species showing high fidelity to the very 
shallow stations were polychaetes although a few molluscs (@.g. Nattca 
canrena, Anadara transversa, Abra aequalis and Tellina verstcolor) showed 
both high constancy and high fidelity to stations in Group 1. Caecum pul- 
chellum Biotest high fidelity but low constancy indicating low frequency 
of collection usually limited to Station Group I, the shallow water stations. 

Station Group 2, comprised of three shallow-intermediate stations, was 
well represented by the first three species groups as far as constancy of 
collection. Little fidelity to Station Group 2 was shown by any of the 
first three species groups with the-exception of the tanidacena, Apseudes 
sp. A. A small group, SGV, showed both high constancy and high fidelity 
to the shallow-intermediate stations. All of the species represented by 
SGV were crustaceans. 

Station Group 3 was comprised of six stations at intermediate depths 
of 34-49 m. This station group again was well represented by the first 
three species groups in constancy but was generally lacking species which 
showed high fidelity. Two polychaetes, Magelona phylltsae and Stgambra 
basst, from SGIV and SGVI, respectively showed high constancy and fidelity 
to this station group. An amphipod and mollusc from SGIII each showed 


relatively high fidelity to Station Group 3.. 























Sty festa 


Station Group 4 had good representation from SGI and SGII but again 
little fidelity from species within these groups SGV, SGVI, and SGVII 
each showed fair to high constancy at Station Group 4 with moderate levels 
of fidelity. SGVIII showed little constancy but high levels of fidelity 
to Station Group 4 indicating that species in this group were relatively 
rare but when collected usually were found at Station Group 4. Species 
Group IX with its unusual distribution pattern showed moderate constancy 
and fidelity to Station Group 4. 

Station Group 5, the deepest stations, was represented by SGI with 
moderate to high constancy and with low fidelity. Species Group VII 
seemed truly representative of the deep stations by showing both high 
levels of constancy and fidelity. Again, SGIX was well represented at 
the deepest sites but showed low levels of fidelity. 

From the foregoing discussion, it became readily apparent that most 
of the station groups were represented by species groups either ubiquitous 
or site specific. A pattern was discernible indicating that the very 
shallow and very deep stations were represented by large distinct groups 
of species other than the ubiquitous groups. The shallow-intermediate 
and intermediate deep-stations each showed small groups of species with 
high fidelity. At the intermediate stations, no distinct groups of species 
showed fidelity although several individual species from the various 
groups did. Apparently, there were gradients of two distinet groups of 
benthic infauna. The first, a shallow group gradually diminished offshore 
and a deep group, declined in constancy and fidelity inshore. Across 
these two major divisions were the ubiquitous to semi-ubiquitous groups 
which showed high constancy across the shelf with little fidelity to any 
group of stations. The unusual group of species in SGIX showed moderate 


to high constancy at the shallow and deep stations but were absent or rare 


By mea y7, 


from the intermediate depths. They showed moderate fidelity to the shallow 
stations but low fidelity to the deep stations. This distribution  pat- 
tern was not explainable. 

Along with having species representative of various portions of the 
continental shelf, it was apparent from 1977 data that various shelf regions 
were dominated by different higher order of taxa. Polychaetes, although 
found everywhere, were also most abundant in those groups specifically 
characteristic of the nearshore stations. The deeper station species 
groups were characterized more by molluscs and crustaceans. It appeared 
that if the ubiquitous species were not included, polychaete species 
would diminish offshore to be gradually replaced by molluscs and crusta- 
ceans as dominants in the infaunal community. 

Analysis of station groups by discriminant analysis verified the 
basic results from cluster analysis. Three major station clusters occurred 
which encompassed the five clusters delineated by cluster analysis. The 
sandy inshore-stations were grouped identically by both analysis techniques. 
Discriminant analysis resulted in non-separation of cluster groups II 
and III,and IV and V, essentially lumping the shallow-intermediate and 
intermediate stations as well as the intermediate-deep and deep stations? ~ 
This same result could have been arrived at from the cluster program by 
reading the dendrogram at a higher level of similarity. Discriminant 
analysis did separate out Stations 3/IV and 6/IV, making them a separate 
group. This separation was made more on abiotic factors, primarily sedi- 
ment mean grain size than on invertebrate community information which was 
the only factor considered by the cluster analysis. Cluster analysis 
did cluster these two stations first, then joined them with other sta- 
tions to make cluster Station Group IV. If the cluster dendrogram had 


been read at a lower level of similarity, a single cluster containing 
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these two stations would have been present. The discriminant analysis 
allowed for statistical testing for the validity of the observed groups 
and as a very low level of statistical probability existed that these 
groups could have occurred by chance, our confidence in these groups 

was fortified.. The discriminant analysis did re-enforce our feeling 
that a number of factors including but not limited to depth and sediment 
were acting on benthic infaunal distribution patterns in the STOCS region 


during the study period. 


Epifauna 


Epifaunal community structure parameters (diversity, number of indi- 
viduals, etc.) showed no general trends on spatial patterns. Variation 
in temporal and spatial abundances of dominant species in 1976 was found to 
be due to recruitment of young age classes (Holt and Holland, 1977). 
Generaily the variation in abundance was due to large numbers of young 
at shallow to shallow-intermediate stations and migration of the Meiners 
population, accompanied by reduction in abundance, to the deeper stations. 
The same pattern was found in 1977 data except there was a stronger ten- 
dency for the large abundances to be concentrated at stations along 
Transects I and II. 

The division of the 1977 STOCS study area into station groups based 
on depth and factors associated with depth was consistent with the results 
from 1976 data analyses. Species groups characteristic of the various 
depth zones were also consistent for the two years. Although a species 
group was highly constant to a station group, most individual species 
that comprised a group, responded in a unique way to the physical environ- 
Ment common to the stations. 


Since epifaunal species have different physical and biological needs, 
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and move considerable distances, analysis of individual species distributions 
may be the best method for interpreting the STOCS data. An important 

aspect of this initial study is the evaluation of STOCS in terms of num- 
bers and kinds of species. Further information that can be derived from 

the data include an understanding of the distribution of species impor- 

tant to man (directly or indirectly) and the identification of species 

with narrow or critical tolerances to change. 

Linear additive models presented here indicated that epifaunal 
species distributions were significantly correlated with abiotic variables 
but only a small amount of the variation was explained. Relationships of 
Species abundance to physical variables were often non-linear, better 
characterized by gaussian and exponential sine curves. Preliminary 
non-linear, multiplicative models, using the same physical variables, 
reduced the mean square by as much as 80% and were therefore superior 
models for predicting species distribution. With a thorough analysis 
of species distribution over the three years of study, important species 


and areas critical to the needs of a species can be determined. 
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ABSTRACT 


The collection and analysis of samples of benthic fishes on the South 
Texas Outer Continental Shelf (STOCS) was continued for the third consecu- 
tive year. The sampling regime consisted of three seasonal surveys (win- 
ter, spring and fall) on all four transects used in previous years and six 
monthly surveys on Transect II. Data on relative abundances, gross distri- 
bution patterns and average catches for selected species are summarized. 


A brief comparison of the data contained in this report with data from 
the previous year (1976) was made. Differences between 1976 and 1977 were 
observed in patterns of the numbers of species, numbers of individuals and 
total biomasses caught and in various diversity indices. These differences 
have been attributed to shortcomings in the design of the sampling program. 
Specifically, low replication, differences between years in the timing of 
seasonal cruises and the distribution of sampling effort over the study 
area were considered to have contributed to confounding attempts to resolve 
whatever patterns of distribution and abundance were shown by the demersal 
fishes on the STOCS. 


Correlative patterns between selected environmental parameters and 
several species were examined. The use of such patterns serves to identify 
the environmental variables of importance to demersal fishes and also 
represents a starting point for the development of a predictive capability 
for abundances of benthic fishes based on knowledge of environmental 
conditions. 


Statements about the functional relationships between the demersal 
fishes of the STOCS could not be made from the information generated by 
this study. A more detailed examination of the data on fishes and of 
information generated by other work elements of the STOCS program may, 
however, facilitate a better understanding of the benthic ichthyofauna 
of the STOCS. 
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INTRODUCTION 


The study presented herein represents the third continuous year of 








regular sampling of selected stations on the South Texas Outer Continental 
Shelf (STOCS). As in past years, the primary mission of the study was a 
characterization of the ichthyofauna of the region against which future 
studies may be compared. 
This report is confined to the presentation of descriptive information 


| on the relative distributions and abundances of the major components of the 








ichthyofauna under study. Our work during 1976 (Wohlschlag, in Groover, 
1977) demonstrated the existence of significant differences in faunal comp- 
osition between depth zones on the STOCS. These differences continued to be 
recognized by treating data from day and night samples separately and by 
retaining the classification of sampling stations into station groups 

based on depth as described in our report for 1976 and in Table Ne 


this report. 


MATERIALS AND METHODS 

Sampling was conducted on both a seasonal (all transects) and monthly 
(Transect II only) basis. Sampling dates are given in Table 18.2. Sam- 
pling dates for the corresponding seasons and months for the 1975 and 1976 
sampling programs are also given for comparison. The distribution of 
sampling effort over stations for 1977 is summarized in Table 18.3. 

Samples consisted of 15-minute trawls for epibenthic macroinverte- 
brates and demersal fishes, as in previous years. The trawl was a con- 
ventional Gulf coast 10.7 m "flat trawl" with a 12.2 m lead line and a 
9.1 m head line, each made of 12.7 mm steel impregnated rope. There was 
a 0.9 m separation between the net wings and the 0.76 by 1.52 m doors 


(otter boards) which were fitted with steel runners. Net materials were 
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TABLE 18.1 


DIVISION OF COLLECTING STATIONS INTO STATION GROUPS BASED ON DEPTH 
(ROMAN NUMERALS INDICATE TRANSECTS) 


Stations 
Station Group 1 ay Bi LEE 4/111 4/IV 
(< 30 meters) yet 1/III L/L 
Station Group 2 Pag ME 4/11 SUL 5/1IV 
(31-90 meters) SAG 2ALe 2/TLL 2/1V 
os 7 6/1V 
Station Group 3 eye Sei apa 3/IV 


(> 91 meters) 6/1 6/11 6/LI1 7/1V 
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TABLE 18.2 


DATES OF SAMPLING CRUISES* 


i975 1976 L977 





Seasonal Cruises 


Winter 


December 3, 1974- February 8-9, January 28-30; 
POnUALVac lead dio 14-16 & 26-28 February 1-2, 
March 9-11 9-10 & 13-14 
Spring April 8 - May 16 : June 10-14, May 24-27; 
19-20 & 25-28 May 31 - June 4 
Fall eR aenet 127. September 19-23; September 26-28; 


October 6-11 October 4-7 


September 12 


Monthly Cruises 


March March 26-28 March 10 & 15 
April April 8-10 Agrii 17) B20 
July July: 1/=19 July; 8 ,& 1i 
August August 5-7, August 5-7 

27-28 
November November 15-17 November 20 & 30 
December December 8-9 December 18 & 19 


*Dates given for 1975 bracket the actual cruise dates. 
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TABLE 18,3 


NUMBER OF TRAWLS MADE AT EACH STATION DURING 1977 
(D = Day; N = Night) 





Transect I Transect II Transect III Transect IV 
D N D N D N D N 








Station 1 3 3 6 27 se =) 3 3 
Station 2 3 3 6 ery 3 3 3 3 
Stattone. 3 3 6 ay 3 = 3 a 
Station 4 3 S 6 2 3 3 3 3a 
Station 5 3 = 6 9 & 3 3 3 
Station 6 3 3 6 9 3 a 3 34 
Station 7 - - - - = 2 oe 3 3 
18 C8 LBB 6. 108: 38. 18 40a 21 
Day = 93 
Night = 165 
Total = 258 
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of white, untreated nylon twine. The wings and the main body of the net 





had 44.5 mm stretched mesh of No. 18 nylon twine. The 3.0 m bag was made 


of 44.5 mm No. 36 stretched mesh. As in most of 1976, a bag liner (which 








was employed during 1975 and the first part of 1976) was not used for the 
1977 sampling. Conventional chafing gear surrounded the bag. All trawls 
were taken from the twin-screwed R/V LONGHORN at 900 rpm which, with net 
drag, was equivalent to a dragging speed of approximately two knots. 

The statistics of diversity (H,'"'), Probability of Interspecific 


Encounter (P.I.E.), and equitability were calculated according to the 





procedures described for the 1976 collection year (Wohlschlag, In Groover, 


5977). 





RESULTS AND DISCUSSION 
All stations were classified into station groups based on depth, as 
defined by Table 18.1 and illustrated in Figure 18.1. This was the same 


classification employed for the 1976 data analysis. 


Tables 18.4 and 18.5. A total of 258 samples were taken in 1977, compared 
to 240 in 1976. As in 1976, the bulk of the 1977 sampling effort focused 


on the seasonal sampling periods. The number of samples taken for the 





The numbers of trawls made for day and night periods are shown in 

1977 seasonals was roughly similar to the number taken during 1976, so 
some comparisons of the resultant data could be made between the two years. 
: There were 132 species captured during the 1977 sampling effort, compared 
: to 128 caught during 1976 (this latter figure supercedes the inaccurate 
count of 131 reported by Wohlschlag Jn Groover, 1977). The following dis- 
cussion will focus only on seasonal samples, since the data for monthly 
samples were based on a small number of collections. 

A greater number of species were caught in night trawls than in day 


trawls during the seasonal sampling cruises (see Table 18.6). Part of this 


difference was attributed to the greater sampling effort expended during 
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Station 
| 


Station 
Group 2 


CORPUS: 
CHRIST] =: 


Station 
group 3 


Figurel8.1 Station Groups by Depth. Numbers in Parenthesis are 
Depths in Meters. 

















TABLE 18.4 


NUMBER OF TRAWLS PER STATION GROUP IN 1977 


Winter Spring Fall March April July August November December 
Day 
Station Group 1 8 8 8 - ~ - - - - 
Station Group 2 13 13 HS) - - - = _ - 
Station Group 3 8 10 10 2 - ~ - = = 
29 31 ae 0e 2) = - - - 2 
Night 
Station Group l 9 9 a 3 3 a s 3 3 
Station Group 2 16 16 16 3 3 3 3 3 . 
Station Group 3 10 Yi 12 5 | a 3 3 3 
753 27. mets eid 9 9 9 *S 9 


Grand Total 
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TABLE 18.5 


NUMBER OF TRAWLS PER TRANSECT IN 1977 


Winter Spring Fall March April July August November December 


Day 
Transect I 6 6 6 - — - ~ ~ - 189 
Transect. IIL 2 ihe 12 _ ~ - - ~ - 36 
Transect III 4 6 6 2 _ _ _ ~ _ 18 
Transect IV 7 i, 7 _ _ _ -_ _ ~ 21 
oe 3 ae a = 
29 31 31 2 ~ ~ — - - 93 1 
ba 
fo) 
Night 
Transect I 6 6 6 _ ~ _ - ~ ~ 18 
Transect II 18 18 18 9 9 9 9 9 9 108 
Transect III 4 6 6 | ei - i, = we = 18 
Transect IV 7 7 7 = _ _ - _ ~ Xt. 
35 37 37 1] 9 a5) 9 os <) 165 


Grand Total = 256 











TABLE 18.6 


TOTAL NUMBER OF SPECIES CAUGHT IN EACH STATION GROUP DURING 1977 


Winter Spring Fall March April July August November December 

Day 

Station Group 1 19 28 45 ~ - he - ~ Cr 

Station Group 2 28 28 48 _ - = ra “ a 

Station Group 3 20 27 ae 13 _ = os é 2 
Night 

Station Group 1 ea 37 47 13 18 1 20 20 ZL 

Station Group 2 44 51 52 os 23 va) 20 26 25 


Station Group 3 36 AS 45 24 18 28 24 16 a7 


Tt-8T 
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night cruises. However, the difference between the numbers of night and 
day trawls taken during the seasonal cruises was rather small, and it 
appears. reasonable to conclude that some biological reason existed for 

the observation that night trawls yielded greater numbers of species than 
did day trawls during 1977. Night trawling also yielded greater numbers of 
species than did day trawling during the 1976 seasonal cruises, even though 
the sampling efforts expended on day and night trawls were roughly the 
same. 

Other consistent trends observed for a 1977 data were: (1)=Statign 
Group 2 generally yielded the greatest numbers of species during both day 
and night sampling, probably due to the higher sampling effort expended on 
Station Group 2; and (2) fall samples yielded the greatest numbers of 
species. 

Total catches (number of individuals per trawl) for each station group 
during each sampling period are given in Table 18.7. This table illustrates 
that the greatest catches occurred during the spring for day trawls and 
during the fall for night trawls. The lowest catches occurred in winter 
for both day and night trawls. 

Table 18.8 presents values for the average biomass caught per trawl 
for day and night collection periods. The lowest biomasses were taken 
during the winter for both day and night trawls. The fall night trawls 
yielded the highest seasonal biomasses. Spring and fall day trawls yielded 
much higher biomasses than did winter day trawls. 

Values for various diversity indices for the three station groups 
are presented in Tables 18.9 (day) and 18.10 (night). Station Group 2 
appeared to show a trend of higher diversity values (H,") than the other 
two station groups. [It also had the highest probability of interspecific 


encounter (P.I.E.) in all cases except for spring day trawls. No other 





























TABLE Y8.7 


TOTAL NUMBER OF INDIVIDUALS (OF ALL SPECIES) CAUGHT (PER TRAWL) IN EACH STATION GROUP DURING 1977 


Winter Spring Fall March April July August November December 


Day 
Station Group 1 1 1051 208 - - _ = ~ _ 
Station Group 2 28 188 IZ - ~ ~ - - we 
Station Group 3 27 110 35 74 - ~ _ - on 
Night 
Station Group 1 20 85 178 a1 75 95 103 58 109 
Station Group 2 Ze 79 ab 38 45 94 65 paar sie 


Station Group 3 48 80 156 42 82 135 Log 119 148 


od iinet 2! 


TABLE 18.8 


TOTAL BIOMASS (IN GRAMS) OF ALL SPECIES CAUGHT (PER TRAWL) IN EACH STATION GROUP DURING 1977 


Winter Spring Fall March April July August November December 

Day 

Station Group 1 2OOg UML 2) 20. Ome 245.5 -~ - ~ - = = 

Station Group 2 670.9 ZO002 OD ee 4257 29 ~ _ — = = § 

Station Group 3 1709.5 383750") 3843.0 3414.1 - - - - - 
Night 

Station Group 1 Savaee: 1274.90 6047.5 478.5 1000.4 9327.3 1733.6 1009.4 £2562 

Station Group 2 650.3 1696.4 2816.1 Pas Ag pees 1446.6 1443.6 845.0 2468.5 2202.0 


Station Group 3 2040.5 BO ai See SNS 6 y ane 1660.2 4083.4 5328.0 1822.0 4073.9 4989.1 


PAE 





18-15 


TABLE 18.9 


VALUES FOR THE SHANNON-WEAVER DIVERSITY INDEX eee 
PROBABILITY OF INTERSPECIFIC ENCOUNTER (P.I.E.) 
AND EQUITABILITY (E) FOR EACH STATION GROUP 
(BASED ON NUMERICAL ABUNDANCE OF SPECIES IN DAY TRAWLS) 


Winter Spring Fall 

Station Group 1 
ey 2.482 1.566 ae fo: 
i a 0.898 0.680 0.685 
E 0.421 0.143 Se 

Station Group 2 
ae 2.641 1.407 3.000 
i ge ae O99.09 0.633 0.926 
E 0.286 O07 0.250 

Station Group 3 
He? 2.053 bets HS) ES ope 
is Ge av 30 0.547 0.873 


E 0.300 0.148 0.188 
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TABLE 18.10 


VALUES FOR THE SHANNON-WEAVER DIVERSITY INDEX (H,"), 
PROBABILITY OF INTERSPECIFIC ENCOUNTER (P.I.E.) 
AND EQUITABILITY (E) FOR EACH STATION GROUP 
(BASED ON NUMERICAL ABUNDANCES OF SPECIES IN NIGHT TRAWLS) 


Winter Spring Fall 

Station Group l 
Ba. 2 Go 4 2.497 PRPS FS) 
ren A pe 0.908 0.864 8 ey 
E Uri. 0.210 OF E36 

Station Group 2 
Hae 3.000 La i hae Me: 
Poe aise OF Gas 0.924 0.994 
E 0.286 0.216 O.1355 

Station Group 3 
Be 2.400 rape 1e1 8) RAP UES s 
Pe 0.863 0.846 OLoL? 


ea 
SS 
ke 
We) 
is 
oO 
fH 
a] 
wo 
© 


a er) 





| 
| 
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clear patterns were evident. 

A listing of all species of fishes caught during 1977, arranged in 
systematic order, with total number of individuals and total biomass of each 
species caught is given in Table 1, Appendix Q. The most commonly encoun- 
tered species and the most abundant species captured during 1977 are 
listed in Tables 18.11 and 18.12, respectively. If a species was included 
in one list, it usually occurred in the other. Some frequently encountered 
species (@.g. Synodus foetens and Upeneus parvus),however, were not caught 
in relatively high abundance and, conversely, some of the most abundant 
species (e.g. Cynoseton nothus and Chloroscombrus chrysurus) were not 
frequently caught. 

The ten most abundant species (with abundance = 10 individuals) caught 
in each station group during each season are listed in Tables 18.13 (day) 


and 18.14 (night). Most of these species also occurred in the top ten 


listing for the corresponding station groups and time periods in 1976. 


Occurrences of each of the major species in the top ten listings were 
tabulated and are presented in Table 2, Appendix Q. These tables gave an 
indication of how predominant certain species were among the ichthyofauna 
of the three station groups during each of the seasons. 

Many of the species which occurred in the top ten listings for a par- 
ticular station group were not found during 1977 in one or two of the other 
station groups. This was consistent with the premise that faunal composi- 
tion changed with depth. These species are presented in Table 18.15. Sev- 
eral of the species showed the same patterns as in 1976, however, the 
majority of the species did not occur in the absence list for 1976. 

Values of the average catch per trawl are given for each of the 


common species in Appendix Q. Values were computed for station groups 
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TABLE 18.11 
THE FIFTEEN MOST COMMONLY ENCOUNTERED SPECIES FOR 1977 


Species Number of Occurrences 


¥  Serranus atrobranchus 101 
¥  Prtstipomotdes aqutlonaris 96 
¥ Synodus foetens 87 
¥ Trachurus lathamt 83 
¥  Stenotomus caprtnus 83 
¥  Centropristis philadelphica 80 
¥ — Syaetum guntert ) 77 
¥ Prionotus paralatus FAC | 
iMteropogon undulatus 67 
Peprtlus burtt 64 
J Upeneus parvus | 61 
¥ Portehthys porostssimus 56 
¥ _ Prionotus stearnst 53 
Y  Prtonotus rubio a 
Lutjanus campechanus 50 


¥Y indicates species which were also among the 15 most commonly encountered 
species in 1976 
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TABLE 18,12 


THE FIFTEEN MOST ABUNDANT SPECIES FOR 1977 





Species Number of Individuals 
¥ Peprilus burtt STE 
Y Trachurus lathant 4380 
Y  Serranus atrobranchus 2878 
¥  Mteropogon undulatus 2856 
¥ Stenotomus caprinus 1648 
Prtonotus paralatus 1645 
¥  Pristipomotdes aqutlonarts 1446 
¥  Cynoseton nothus 1248 
¥ Syactum guntert 1099 
¥  Chloroscombrus chrysurus 642 
Y  Polydactylus octonemus 636 
Diplectrum birvtttatum 524 
Centroprtstts phtladetphtea 456 
Trtchopsetta ventralis 449 
Prionotus stearnst 401 





¥ indicates species which were also among the 15 most abundant species 
caught in 1976 





TABLES 25.13 


TEN MOST ABUNDANT SPECIES CAPTURED IN DAY TRAWLS IN EACH STATION GROUP DURING EACH SEASON. 
SPECIES LISTED ALSO HAVE ABUNDANCE > 10 INDIVIDUALS. 
NUMBERS OF INDIVIDUALS CAPTURED ARE GIVEN FOR EACH SPECIES, 1977 DATA 


Station Group i 


WINTER 
Species No. 
Syactum guntert 20 
YCynoseton arenarius 15 
VPeprilus burtt 14 
YMicropogon undulatus 10 


SPRING 
Species 


YPeprilus burtt 
YTrachurus lLathani 
YMicropogon undulatus 
YChloroscombrus chrysurus 
/Cynoscton nothus 
Brevoortta patronus 
YAnchoa hepsetus 
Harengula pensacolae 
Etrumeus teres 
YPolydactylus oetonemus 


No. 


4289 
Lead 
750 
602 
462 
181 
91 
88 
ae) 
46 


Fall 
Species No. 
YMicropogon undulatus 906 
Cynoseton nothus 139 
YSyactum guntert 91 
Polydactylus octonemus 85 
Vlutjanus campechanus 77 
Trachurus lathamt 67 
Peprtlus burtt 46 
/Dtpleetrum bivittatum 28 
Anchoa hepsetus 28 


Cithartchthys sptlopterus 21 


¥Y - Denotes species which also occurred in the top ten list for the corresponding time period and station 


group in 1976. 
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Station Group 2 


WINTER 
Species 


VPristipomoides aqutlonaris 
VSerranus atrobranchus 
YPrionotus stearnst 
Sphoerotdes parvus 

VSaurtda brasiliensis 
VStenotomus caprinus 

Selar crumenophthalmus 
Trachurus lLathamtr 
Centropristis phtledelphica 
YSynodus foetens 


No. 


55 
48 
45 
44 
30 
24 
17 
16 
15 
14 


TABLE 18.13 CONT.'"D 


SPRING 
Species 


VTrachurus Lathan 
VPeprilus burti 
Etrumeus teres 
VSerranus atrobranchus 
YPristipomoides aquitlonaris 
¥Synodus foetens 
Seomber japontcus 
Saurtda brastltensts 
¥Stenotomus caprtnus 
VUpeneus parvus 
Dipleetrum btvittatum 


FALL 
Species 


Harengula pensacolae 


VPrachurus Latham 
YSerranus atrobranchus 
YPeprilus burtt 


Cynoseton arenarius 
Synodus foetens 
Mieropogon undulatus 


VPolydactylus oetonemus 


Dipleetrum btvitttatum 


VStenotomus caprinus 


No. 


269 
201 
iets) 
120 
101 
78 
78 
57 
56 
56 
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Station Group 3 


WINTER 
Species 


YPristtpomotdes aquilonaris 
YSerranus atrobranchus 
VStenotomus caprinus 
YUpeneus parvus 

VPrtonotus paralatus 


TABLE 18.13 CONT. 'D 


SPRING 
Species 


Trachurus lathamt 
VPristipomotdes aquilonaris 
Stenotomus caprinus 
serranus atrobranchus 
Synodus foetens 

YPritonotus paralatus 
Upeneus parvus 


No. 


708 
167 
Fa. 
61 
16 
15 
rT 


FALL 
Species 


VTrachurus lathami 

Serranus atrobranchus 
VPristipomoides aqui Lonarts 
Prtonotus paralatus 
Stenotomus caprinus 
Upeneus parvus 

Pontinus longisptnis 
Caulolatilus intermedius 
Trtchopsetta ventralis 
Prionotus stearnst 


No. 


183 
180 
145 
110 
99 
Bye, 
36 
os 
26 
16 
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TABLE 18,14 


TEN MOST ABUNDANT SPECIES CAPTURED IN NIGHT TRAWLS IN EACH STATION GROUP DURING EACH SEASON. 
SPECIES LISTED ALSO HAVE ABUNDANCE > 10 INDIVIDUALS. 


NUMBERS OF INDIVIDUALS CAPTURED ARE GIVEN FOR EACH SPECTES, 1977 DATA 


Station Group 1 


WINTER SPRING FALL 
Species No. Species No. Species No. 
Trtchturus lepturus 28 VvPolydactylus octonemus 212. VMteropogon undulatus 724 
Syactum guntert 25 Cynoseton nothus 115 VZutjanus campechanus 138 
YCynoscton arenarius 23. VMieropogon undulatus 106 vSyaciwn gunteri 114 
¥YCynoseton nothus 18 VCynoscion arenartus 64 VPolydactylus octonemus 96 
Anchoa mttchtllt 12 Peprilus burtt 50 Cynoseton nothus 71 
Peprilus burtt 10 Syactum guntert 35 Orthoprtstts cehrysoptera 67 
Upeneus parvus 24. wvSphoeroides parvus 57 
Trachurus lathant 21 vDipleetrum bivittatum 51 
VSphoeroides parvus 17 Chaetodtpterus faber 26 
Chloroscombrus chrysurus 13. ¥Prionotus rubto 23 


Y— Denotes species which also occurred in the top ten list for the corresponding time period and station 
group in 1976. 
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Station Group 2 


WINTER 
Species 


/Stenotomus caprinus 
/Serranus atrobranchus 
Sphoerotdes parvus 

YSyactun guntert 

VPortchthys porostssimus 
Diplectrum bivtttatum 
YCentropristis philadelphica 
YTrichopsetta ventralis 
Kathetostoma albtgutta 
Synodus poeyt 


No. 


55 
46 
51 
29 
20 
18 
14 
14 
aha) 
12 


TABLE’ 18.14 CONT. 'D 


SPRING 
Species 


YStenotomus caprinus 
YSerranus atrobranchus 
Prtonotus paralatus 
YSyactum gunteri 
YPrionotus stearnst 

Upeneus parvus 

VSynodus poeyt 
YCentropristis philadelphica 
Pristipomotdes aquilonaris 
YBollmannia communis 


FALL 
Species 


YSerranus atrobranchus 
Prtonotus paralatus 
Dipleetrum bivtttatum 

YStenotomus caprinus 

YSyactun guntert 

YCentropristis philadelphica 
Mtcropogon undulatus 

YPrionotus stearnst 
Cynoseton nothus 

YPristipomoides aquilonaris 


No. 


BGs) 
181 
BGs 
161 
146 
124 
121 

99 

90 

ie. 
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Station Group 3 


WINTER 
Species 


YSerranus atrobranchus 
VStenotomus caprinus 
YPristipomotdes aqutlonaris 
YIrichopsetta ventralts 
¥YPrionotus paralatus 
Syactum guntert 

Ponttnus longtsptnts 
YPrionotus rubto 

Upeneus parvus 


No. 


123 
85 
74 
43 
31 
iW 
16 
13 
14 


TABLE 18.14 CONT. 'D 


SPRING 
Species 


YSerranus atrobranchus 
VPristipomotdes aquilonaris 
YStenotomus caprinus 
YPontinus longispinis 
Trachurus ltathami 
/Trichopsetta ventralis 
YPrionotus paralatus 
Urophycts etrratus 
Hoplunnits tenuts 

Upeneus parvus 


No. 


nag D 
205 
162 
49 
42 
41 
40 
30 
a5 
35 


FALL 
Species 


VSerranus atrobranchus 
YPrionotus paralatus 
¥YStenotomus caprinus 
YPristipomotdes aquitlonarts 
Trachurus lathamr 
/Trichopsetta ventralis 
Upeneus parvus 
YPontinus longispints 
VHalieutichthys aculeatus 
Urophyets etrratus 


SOF 1 
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TABLE 18.15 


ABSENCE. OF MAJOR SPECIES IN THE STATION-GROUPS DURING 1977 


Species Never Found in Station Group 
I Il Tit 


o Anchoa hepsetus X 
Anchoa mttehttlt X X 

0 Bollmannta communis x 

0 Brevoortta patronus x 

0 Caulolattlus tntermedtus X 

0 Chaetodtpterus faber X 
Chloroscombrus chrysurus X 

0 Cuithartchthys sptlopterus X 
Cynoseton nothus x 

¥ Etropus crossotus x 

O ktrumeus teres X 

0 Harengula pensacolae x 

0 Hoplunnts tenuts X 

0 Kathetostoma albtgutta 

0 Orthopristtis chrysoptera X 

Y Polydactylus ectonemus X 

¥ Pontinus longtspinis X 

0 6Selar crunenophthalmus X X 

¥ Sphoerotdes parvus ed 


¥ corresponds to observations for 1976 
QO ‘did not occur in. the absence list- for 197/76 
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(Appendix Q, Table 3) and for transects (Appendix Q, Table 4). 

The information in Appendix Q, Table 3 could be used to classify spe- 
cies according to where on the STOCS they were predominantly found. View- 
ing the data without regard to the seasons, most of the species could be 
described as either shallow-water, shallow to mid-depth, mid-depth to deep, 
or deep-water. This categorization is presented in Table 18.16. Several 
species in Table 3, Appendix Q either showed ambiguous abundance patterns 
over depth zones or were not abundant enough to allow such categorization, 
and were therefore omitted from Table 18.16. 

There appeared to be relatively little segregation of the major spe- 
cies into particular transects or groups of transects, (Table 4, Appendix Q), 
although a few species were absent from some transects (Table 18.17). Most 
species were found on all four transects, and several species were parti- 
cularly well represented over the four transects. These species were 
Serranus atrobranchus, Trachurus lathamt, Stenotomus caprinus, Prtstt- 
pomotdes aqutlonarts and Peprtlus burtt. 

Data on relative abundances of species and species composition of 
individual trawls are presented in Table 4, Appendix Q. 

It is highly desirable to make comparisons between the data of dif- 
ferent years in an attempt to identify those patterns of abundance and 
distribution shown by demersal fishes which are constant from year to year 
and those patterns which are variable between years. Caution must be 
exercised, however, in attempting to make year-to-year comparisons and in 
interpreting these comparisons because of two important sources of con- 
fusion that were inherent in the sampling program. 

The first of these was nonuniformity in both time and space of the 


sampling regimes for the three years. Even though sampling was attempted 
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TABLE 18.16 


CHARACTERISTIC DEMERSAL FISHES OF THE DIFFERENT DEPTH ZONES 


Shallow (Station Group I) 


Anehoa hepsetus 
Brevoortta patronus 
Chloroscombrus chrysurus 
Cithartchthys sptlopterus 
Cynoscton nothus 
Chaetodtpterus faber 
Lutjanus campechanus 
Mteropogon undulatus 
Orthopristts chrysoptera 
Polydactylus oetonemus 


Mid-Depth (Station Group IT) 


Deep 


Centropristts phtladelphtca 
Prtonotus stearnst 

Saurtda brastltensts 
Synodus foetens 

Synodus poeyt 


(Station Group IIT) 
Caulolattlus tntermedtus 


Ponttnus longtspints 
Trtchopsetta ventralts 


Shaillow-to-Mid-Depth 


Cynoseton arenarius 
Dtplectrum btvtttatum 
Harengula pensacolae 
Peprtlus burtt 
Sphoerotdes parvus 
Syactum guntert 
Trichturus lepturus 


Mid-Depth-—to-Deer 


Prtonotus paralatus 
Pristtpomotdes aqutlonarts 
Serranus atrobranchus 
Stenotomus caprinus 
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TABLE 18.17 


RESTRICTION OF MAJOR SPECIES TO PARTICULAR TRANSECTS. 
SPECIES LISTED UNDER EACH GROUP OF TRANSECTS WERE CAPTURED ONLY 


ON THOSE TRANSECTS DURING 1977. 


(THIS TABULATION IS BASED ON ALL MONTHLY AND SEASONAL DATA.) 


Transects 


Bithh 


bs (LV 
hee 
Rie ol tnt 


earl. Salty 


Species 

Chaetodipterus faber 
Cuthartchthys sptlopterus 
Hoplunnts tenuts 

Selar erwnenophthalmus 
Anehoa mttchtllt 


Brevoortta patronus 


Etrumeus terres 
Orthopristts chrysoptera 
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on a seasonal basis for the three years, the exact dates of these seasonal 
sampling periods varied widely, as shown in Table 18.2. Monthly sampling 
dates also differed between years (Table 18.2) but, of course, to a lesser 
extent than did the seasonal samples. Nonuniformity of sampling over space 
was due to the variance from year to year in the sampling effort expended 
in different parts of the STOCS study area. 

It should be noted, however, that although the detailed distribution 
of sampling effort over the sampling stations differed between years, there 
was reasonable correspondence between years in the relative expenditure 
of sampling effort over the three station groups seasonally. Evidence that 
the sampling schemes for 1976 and 1977 were broadly comparable is provided 
by Tables 13.11 and 18.12. Of the 15 most commonly encountered species 
during 1977 (Table 18.11), 12 were also among the 15 most commonly encoun- 
tered species during 1976. Of the 15 most abundant species caught during 
1977 (Table 18.12), 10 were among the 15 most abundant species caught 
during 1976. 

The second source of confusion to consider was the modest amount of 
replication employed in the sampling program. There is a limit to the 
amount of interpretation which one can safely indulge in on the basis of 
only one, two, or even three trawls taken at a single station during a 
given season. An attempt was made to circumvent this constraint to some 
degree by lumping stations into station groups, thereby increasing the 
sample sizes on which conclusions have been based. 

The following discussion is restricted to seasonal samples since 
monthly data are too few to base a credible discussion on. Also, for 
this discussion, attention is focused on the 1976 and 1977 data; the 1975 
data were not thought comparable to 1976 and 1977 data. 


Comparison of the 1977 data with 1976 data showed a number of dis- 
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crepancies. In 1977, unlike 1976, fall samples yielded the greatest num- 
bers of species. In 1976, Station Group 3 consistently had the lowest 
numbers of species, which was not apparent in 1977. The highest total 
catches, in terms of numbers of individuals, occurred during spring for 
day trawls and during fall for night trawls in 1977; this was not evident 
in 1976. The lowest total catches in 1976 generally occurred in Station 
Group 3, which was not true in 1977, In 1977, the lowest total biomasses 
were taken during winter for both day and night trawls, which was not true 
for 1976, and higher total biomasses were taken in fall than in other 
seasons for night trawls. The 1976 data generally showed no trends in 
total biomasses taken. In addition, no trends in the diversity indices, 
which were consistent between 1976 and 1977, were evident. 

The patterns of occurrences of major species among the top ten species 
drawn from the 1977 data (Table 2, Appendix Q), demonstrated general agree- 
Ment with the patterns shown by the same species in 1976, Numerous minor 
discrepancies did, however, exist, Values for the average number of fishes 
caught per trawl, for the station group data (Table 3, Appendix Q), differed 
between the 1976 and 1977 data to varying degrees for different species. 
Some species, such as Synodus foetens, showed reasonable correspondence 
between the 1976 and 1977 values, while others, such as Anchoa hepsetus, 
showed wide differences. 

In spite of the differences in the sampling regime between 1976 and 
1977, some types of observations were fairly consistent. One such obser- 
vation was the tendency of certain species to be caught in either day or 
night trawls. Examination of Table 3, Appendix Q, which gives average 
numbers of individuals caught for each of the major species, revealed the 


propensities of certain species to be caught during night or day. For 
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instance, Anchoa hepsetus showed an average catch rate of 16.1 individuals 
per trawl during the day, but only .5 individuals per trawl during the 
night. Species which showed such obvious differences are presented in 
Table 18.18. 

Twenty-two (22) species showed correspondence between the two years 
in their tendencies to be caught during either day or night from the 
30 major species for which information on the average number of individuals 
caught per trawl was available for both 1976 and 1977. The remaining 
eight species had higher total yields during the day in one year and during 
the night in the other year. For a more definitive and comprehensive 
statement on day-night differences in captures of these species based on a 
Statistical analysis (of data from 1976 only), see Wohlschlag (In Groover, 
1977) and’ Vetter1977). 

Seasonal changes in abundances of the fishes were quite evident. 
Although most of the major species showed seasonal trends in abundance to 
at least some degree (Table 3, Appendix Q), a few of them had especially 
prominent peaks during spring and two species peaked during fall. In 
particular, Chloroscombrus chrysurus, Cynoseton nothus, Peprtlus burtt, 
and Trachurus lathamt showed substantially elevated abundances during 
spring, while Serranus atrobranchus peaked in the fall and Mtcropogon 
undulatus showed elevated abundances during spring and fall. These peaks 
were probably related to the influx into the system of young-of-the-year, 
but an analysis of lengths would be required to corroborate this. 

Seasonal changes were also observed in the constellation of predomi- 
nant species in each of the three station groups, as documented by Tables | 
18.13 and 18.14. For example, for day trawls in Station Group l, eight 
new species entered the top ten list between winter and spring, and there 


was a change of four species between spring and fall. In Station Group 2 


18-33 


TABLE 18.18 


SPECIES OF DEMERSAL FISHES WHICH SHOWED OBVIOUS DIFFERENCES 
IN AVERAGE RATES OF CAPTURE BETWEEN DAY AND NIGHT TRAWLS. 


1 gd 
Species Caught at Higher Species Caught at Higher 
Abundance During Day Trawls Abundances During Night Trawls 
Anehoa hepsetus Prtonotus paralatus 
Brevoortta patronus Serranus atrobranchus 
Chloroscombrus chrysurus Stenotomus caprinus 
Cynoseton nothus Syactum guntert 
Etrumeus teres Synodus poeyt 
Harengula pensacolae Urophyets ctrratus 


Mtcropogon undulatus 
Synodus foetens 
Trachurus lathamt 
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(for day trawls), five species on the top ten list changed between winter 
and spring and four species changed between spring and fall. It was not 
possible to determine from the data to what extent these changes in the 
predominant species were due to migratory activities of the fishes or to 
the recruitment of young. References in the literature, however, cite the 
large-scale migratory activities for some of these species (@.g. Gunter, 
1945) and this aspect of the ecology of the local fishes presents a highly 
interesting topic for further study. 

Drawing from the data of Tables 18.13 and 18.14, we categorized the 
Species according to the season(s) in which they predominated. This scheme 
is presented in Table 18.19. It was observed that while a large number of 
species predominated in a faunal assemblage only during a single season 
(e.g. Anchoa mttchtllt only during winter and Caulolattlus tntermedtus 
ge number of species were abundant all 
year round. Twelve species were particularly prominent constitutents 
of the STOCS ichthyofauna, and are marked with peboricis im Table: 18.198 

The results of this study on the distribution patterns of particular 
species generally appeared to conform with those presented by Chittenden 
Atl nen (1976) as well as with the data of earlier workers discussed 
by these authors. There were some points of difference, however, between 
other results and those of Chittenden and McEachran. Specifically, these 
authors reported a richer species composition in winter than in summer, 
whereas trawls in this study yielded the lowest numbers of species (for 
all station groups) during winter. They also reported a higher biomass on 
brown shrimp grounds (corresponding to Station Groups 2 and 3) than on 
white shrimp grounds (corresponding to Station Group 1). No strong state- 
ment on trends in biomasses caught with change in depth could be made from 


the data collected in this study. On the other hand, Chittenden and 
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TABLE 18.19 


THE MAJOR SPECIES CAUGHT DURING 1977 CLASSIFIED ACCORDING 
TO THE SEASON(S) IN WHICH THEY PREDOMINATED 
THE SPECIES ASSEMBLAGE IN WHICH THEY OCCURRED 


Winter 


Anchoa mitehrlit 
Kathetostoma albtgutta 
Portchthys porostsstmus 
Selar crwnenophthalmus 
Trichturus Lepturus 


Spring 


Bollmannta communts 
Brevoortia patronus 
Chloroscombrus chrysurus 
Etrumeus teres 

Hoplunnts tenuts 

Scomber japontcus 


Winter-Spring 


Saurtda brastitensts 
Synodus poeyt 


opring—-Fall 


Anchoa hepsetus 
Harengula pensacolae 
Polydactylus octonemus 


Urophyets eirratus 
Fall 
Winter-Fall 
Caulolatilus tntermedtus 
Chaetodtpterus faber 
Cithartehthys sptlopterus 
Halteuttchthys aculeatus 
Lutjanus campechanus 
Orthoprtstts chrysoptera 


Prtonotus rubto 


All Year 


Centropristts phtladelphtea 
Cynoseton arenarius 
Cynoseton nothus 
Diplectrum birvtttatum 
Mticropogon undulatus 
Peprtlus burtt 
Pontinus longtsptnts 
* Prtonotus paralatus 
Prtonotus stearnst 
* Pristtpomotdes aqutlonarts 
* Serranus atrobranchus 
Sphoerotdes parvus 
* Stenotomus caprinus 
* Syactum gunterr 
Synodus foetens 
* Trachurus Lathamt 
* Trichopsetta ventralts 
* Upeneus parvus 


+ % % 
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McEachran reported that biomasses caught were lower in winter than in 
summer which was consistent with the observation that for the 1977 BLM- 
STOCS program, lowest catches (in terms of biomass) occurred in the winter, 

The published information on species composition of the demersal ich- 
thyofauna of the Gulf of Mexico was reviewed in depth by Chittenden and 
McEachran (1976). These authors discussed the correspondence of charac- 
teristic faunas with depth and sediment type and also touched briefly 
upon the possible roles of temperature and salinity in affecting community 
composition. For the BLM-STOCS program efforts in identifying and quanti- 
fying the effects of environmental variables on the distribution and abun- 
dance of species has thus far been limited. These initial results, however, 
are instructive and have therefore been included in this report. (Also 
see Wohlschlag, In Groover, 1977). 

The relationships between abundances of selected species and some 
Diy SaaiMde Ae ese were examined by plotting abundance of these species 
against values of a particular variable. Representative plots for four 
major species, Trachurus lathamt, Syaectwn guntert, Chloroscombrus chrysurus, 
and Peprtlus burtt are presented in Figures 18.2 to 18.34. 

It can be seen that Trachurus lathamt (Figures 18.2 - 18.10) was 
ubiquitous with respect to depth. The greatest frequencies of capture 
and highest abundances occurred in trawls taken in the 17-26°C temperature 
range and the 31.5 - 36.5 ppt salinity range. Higher frequencies of 
captures occurred at stations with relatively low levels of sand (< 16% 
sand). Highest frequencies of capture and abundances also occurred at 
stations with sediment composition of 28-41% silt and 40-70% clay. High 
abundances occurred in trawls taken between 0600 and 1600 hours, with a 


peak between 0800 and 1500 hours. The species was taken at highest 
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Figure 18.2 Plot of Trachurus lathant Abundance vs. Depth. Data 
Poca lLos 7. 
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Figure 18.3 Plot of Trachurus lathamt Abundance vs. Temperature. 
Data for) loss, 
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Figure 18.4 Plot of Trachurus lathamt Abundance vs. Salinity. 
Data for 19/7/. 
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Figure 18.5 Plot of Trachurus lathant Abundance vs. Percent Sand. 
Datator Ios 7, 
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Figure 18.6 Plot of Trachurus lathamt Abundance vs. Percent Silt. 
Data for 1977. 
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Figure 18.7 Plot of Trachurus lathant Abundance vs. Percent Clay. 
Data for 11977. 
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Figure 18.8 Plot of Trachurus lathant Abundance vs. Time of Day. 
Data for 1977. 
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Figure 18.9 Plot of Trachurus Lathamt Abundance vs. Julian Day. 
Datal rer vigi7, 
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Figure 18.10 Plot of Trachurus lathamnt Abundance vs. Transect. 
Data, for 197/. 
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abundances on Transects I, II and III. 

Peprtlus burtt (Figures 18.11 and 18.18) was caught mainly at depths 
less than 50 m. Highest abundances were encountered in the 20-24°C temp- 
erature range and salinities greater than 34.5. ppt. This species was caught 
in abundance over a wide range of sediment composition (~ 10-75% sand; 
< 41% silt; ~ 15-50% clay). Highest abundances also occurred during the 
spring, when it was caught in abundance exclusively during daylight periods 
(at approximately 1400 hrs). 

Chloroscombrus chrysurus (Figures 18.19 through 18.26) was taken 
mainly at depths less than 50 m with temperatures greater than 24°C. No 
preference for particular salinities was evident. This species occurred 
over a wide range of sediment composition (< 82% sand; < 44% silts=< 617 
clay). C. chrysurus showed no discernible pattern in the time of day at 
which it was captured. 

Syaetum guntert (Figures 18.27 to 18.34) was caught mainly at shallow 
stations (< 47 m). It showed a high frequency of occurrence in the 14-30°C 
temperature range with greatest abundances at the higher temperatures. It 
also showed a high frequency of occurrence in the 31.5 - 36.5 ppt salinity 
range with greatest abundances at the higher salinities. Most captures 
occurred at stations with a sediment composition of < 45% sand (with a peak 
at ~ 14%), 23-44% silt (with a peak at ~ 37%) and < 69% clay (with a peak 
at ~ 50%). This species was frequently encountered and abundant at all 
times of the (24-hr) day. 

It is important to bear in mind differences which may arise between 
plots based on data collected on different years, for a single species. 

For example, plots of the abundance of Lutjanus campechanus against temp- 


erature, salinity and sediment composition are given for each of the 
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Figure 18.11 Plot of Peprtlus burtt Abundance vs. Depth. Data for 
1977. 
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Figure 18.12 Plot of Peprilus burtt Abundance vs. Bottom Temp- 
erature. Data’ for-19/7/., 
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Figure 18.13 Plot of Peprilus burtz Abundance vs. Bottom Salinity. 
Data-fror*19/7. 
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Figure 18.14 Plot of Peprilus burtt Abundance vs. Percent Sand. 
Datastor 197 72 
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Figure 18.15 Plot of Peprilus burtzt Abundance vs. Percent Silt. 
Data for 1977/7. 
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Figure 18.16 Plot of Peprilus burti Abundance vs. Percent Clay. 
Data for 1977, 
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Figure 18.17 Plot of Peprtlus burtt Abundance vs. Time of Day. 
Data for 1977. 
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Figure 18.18 Plot of Peprilus burtt Abundance vs. Julian Day. 
Data £061977.. 





18=55 


oO 
“NI 


Chloroscombrus  chrysurus 


-_— 
ep) 
) 
= 

1? 
> 

42) 
is 


of 


(number 





LOG 


NATURAL 


(ate 


DEPTH (m) 


Figure 18.19 Plot of log, Chloroscombrus chrysurus Abundance vs. 
Depth. Data for 1977. 
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Figure 18,20 Plot of log, Chloroscombrus chrysurus Abundance vs. 
Bottom Temperature. Data for 1977. 
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Figure 18.21 Plot of log, Chloroscombrus chrysurus Abundance vs. 
Bottom Salinity. Data for 1977. 
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18.22 Plot of log, Chloroscombrus chrysurus Abundance vs. 
Percent Sand. Data for 1977. 
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18.23 Plot of log, Chloroscombrus chrysurus Abundance vs. 
Percent Silt. Data for 1977. 
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Figure 18.24 Plot of log. Chloroscombrus chrysurus Abundance vs. 
Percent Clay.) Data tor.1977, 
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Figure 18.25 Plot of log, Chloroscombrus chrysurus Abundance vs. 
Time ofalay. . Data. for 19/7. 
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Figure 18.26 Plot of log, Chloroscombrus chrysurus Abundance vs. 
Julian Day. ‘Data for.1977. 


18-63 





85 ° Syacium gunteri 
” 
at 
< 
= 
‘aa 
— 
eed 9 
= 
Fk 
LL 42.5 
© ; : 
= 2 
i iii 1 i 
2 
= ° 
=, 
z 





54 


DE PTA 


Figure 18.27 Plot of Syactwn guntert Abundance vs. Depth. 
Data for 1977. 
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Figure 18.28 Plot of Syactwm guntert Abundance vs. Bottom Temperature 
Data for 1977. 
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Figure 18.29 Plot of Syactwn guntert Abundance vs. Bottom Salinity. 
Data for 1977. 
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Figure 18.30 Plot of Syactum guntert Abundance vs. Percent Sand. 
Data, for. 1977, 
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Figure 18.31 Plot of Syactwn guntert Abundance vs. Percent Silt. 
Data tor 19/7. 
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Figure 18.32 Plot of Syactum guntert Abundance vs. Percent Clay. 
Vata Tor Los 7. 
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Figure 18.33 Plot of Syactwn guntert Abundance vs. Time of Day. 
Data for 1977. 
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Figure 18.34 Plot of Syactum guntert Abundance vs. Julian Day. 
Datansorerg/ 7. 
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years 1975, 1976 and 1977 in Figures 18.35 to 18.43. It can be seen that 
the highest abundances and frequencies of captures occurred in the 17-29°C 
temperature range in 1975, within the 18-28°C range in 1976, and the 26-28°C 
range in 1977. Highest abundances and frequencies of captures occurred in 
Mereselinaty ranges ~ 29.5 — 3/7 ppt in 1975, ~ 32.5 - 36.5 ppt in 1976, 

and ~ 36.5 - 37 ppt in 1977. The sediment composition which corresponded 

to the highest abundances and frequencies of capture of L. campechanus 
ranged from 1-70Z% sand in 1975, 10-75% sand in 1976 and 14-72% sand in 1977. 
It was evident that noticeable differences in the presumably preferred 
ranges of various physical parameters existed (€.g. percent sand composi- 
tion of the sediment). The message which emerges is that statements on 

the preferred ranges of various physical variables for the different 

species which are based on data from a single year must be viewed only as 
approximations. 

That the preferred ranges of certain variables differ between years 
is possibly an indication that the manner in which these variables affect 
the abundance of some species may be influenced by the action of other 
variables, which themselves differ between years. Of course, it may also 
be that some variables are simply unimportant to a particular species, and 
plots of the abundance of the species against these variables would not 
necessarily be expected to show consistency between years. If it is 
assumed, however, that most of the factors chosen for study do have at 
least some effect on the abundance of fishes, it becomes of interest to 
determine just how these factors interact in influencing fish abundances. 
It is expected that in some cases these interactions between variables 
are complex and subtle, and there are certainly correlations between a 
number of variables. Techniques for studying the interactions between 


factors and their effects on the abundances of species are presently 
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Figure 16,35. Plot of Lutjanus campechanus Abundance vs. Temperature. 
Daten for 1o7 5. 
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Figure 18.36 Plot of Lutjanus campechanus Abundance vs. Temperature. 
Data for 1976, 
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Plot of Lutjanus campechanus Abundance vs. Temperature. 
Data for 1977. 
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Figure 18.38 Plot of Lutjanus campechanus Abundance vs. Salinity. 
Data ior Od 5. 
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Figure 18.39 Plot of Lutjanus campechanus Abundance vs. Salinity. 
Data for 1976, 
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Figure 18.40 Plot of Lutjanus campechanus Abundance vs. Salinity. 
Data <fomwh9 77: 
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Figure 18.41 Plot of Lutjanus campechanus Abundance vs. Sand. 
Data for 1975. 
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Figure 18.42 Plot of Lutjanus campechanus Abundance vs. Sand. Data 
for.1976. . 
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Figure 18.43 Plot of Lutganus campechanus Abundance vs. Sand. Data 
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under study and it is planned that these techniques will be applied to the 
data on demersal fishes. 

Data from all three years of sampling of the BLM-STOCS program can be 
combined to construct plots of fish abundance against values of physical 
variables. This was done for Lutjanus campechanus, and representative 
plots for temperature, salinity and percent sand composition of the sedi- 
Ment are given in Figures 18.44 to 18.46. These plots of three years of 
data are of course more accurate in displaying the correlative relationships 
between fish abundance and physical variables than are plots based only on 
a single year's data. We plan to construct more of these plots for all of 
the major fish species that have been encountered, 

It has been recognized by several workers on Gulf fishes (Gunter, 1945; 
Wohlschlag, In Groover, 1977) that some differences on spatial distribution 
exist between sizes of certain species. These differences in ep cas 
presumably reflect differences between sizes of fish in the preferred range 
of various physical parameters. With this in mind, a number of major 
species encountered in this study were divided into size classes and their 
abundances plotted against values of selected variables. Lutjanus campech- 
anus has again been used as an example, and plots of abundance versus temp- 
erature, salinity, percent sand composition of the sediment, time of day 
and Julian day are shown for two size classes (< 30 grams and > 30 grams) 
of this species in Figures 18.47 to 18.58. (These plots are based on the 
combined 1975, 1976 and 1977 data.) 

It was apparent from comparison of the corresponding plots for the 
two size classes of ZL. campechanus that small (< 30 gram) fish occurred 
exclusively in water depths of 50 m while larger individuals (> 30 grams) 


showed a broader distribution, ranging from 15 to 97 m. Small fish had 
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Figure 18.44 Plot of Lutjanus canpechanus Abundance (all sizes) vs. 
Temperature. Data Pooled from 1975-1977. 
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epeure 18.45 Plot of Lutjanus campechanus Abundance (all sizes) vs. 
Salinity. Data Pooled from 1975-1977. 
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Figure 18.46 Plot of Lutjanus campechanus Abundance (all sizes) vs. 
Percent Sand. Data Pooled from 1975-1977, 
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Plot of Lutjanus canpechanus, Size Class I, Abundance 
vs. Depth. Data Pooled from 1975-1977. 
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Figure 18.48 Plot of Lutjanus campechanus, Size Class I, Abunance 


vs. Temperature. 
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Figure 18.49 Plot of Lutjanus campechanus, Size class I, Abundance 
Ws. Salinity. Data Pooled from 19/5-1977. 
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Figure 18.50 Plot of Lutjanus campechanus, Size Class I, Abundance 
vs. Percent Sand. Data Pooled from 1975-1977. 
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Figure 18.51 Plot of Lutjanus campechanus, Size Class I, Abundance 
vs. Time of Day. Data Pooled from 1975-1977. 
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Figure 18.52 Plot of Lutjanus canpechanus, Size Class I, Abundance 
vs. Julian Day. Data Pooled from 1975-1977. 
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Figure 18.53 Plot of Lutjanus campechanus, Size Class II, Abundance 
vs. Depth. Data Pooled from 1975-1977. 
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Figure 18.54 Plot of Lutjanus campechanus, Size Class II, Abundance 
vs. Temperature. Data Pooled from 1975-1977. 
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Figure 18.55 Plot of Lutjanus campechanus, Size Class II, Abundance 
vs. Salinity. Data Pooled from 1975-1977. 
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Figure 18.56 Plot of Lutjanus campechanus, Size Class II, Abundance 
vs. Percent Sand. Data Pooled From 1975-1977. 
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Figure 18.57 Plot of Lutjanus canpechanus, Size Class II, Abundance 
vs. Time of Day. Data Pooled From 1975-1977. 
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Figure 18.58 Plot of Lutjanus campechanus, Size Class II, Abundance 
vs. Julian Day. Data Pooled from 1975-1977, 
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high frequencies of capture in the 19-30°C temperature range, while most 
captures of larger fish occurred in the 20-24°C range. Fish of all sizes 
were more frequently caught at salinities > 35 ppt, although a significant 
number of captures of small individuals were made at salinities down to 

29 ppt. Both small and larger fish were captured over a wide range of 
percent sand composition of the sediment, showing no difference in this 
respect. There also appeared to be no difference between small and large 
fish in the time of day at which captures occurred. Fish of all sizes 

were caught throughout the 24-hr day at fairly uniform frequencies and 
abundances. However, there appeared to be a difference between small and 
large fish with respect to the time of year at which they were caught. 

Large fish showed a generally uniform frequency of capture over the entire 
year. Small fish, although caught throughout the year, showed a marked 
increase in abundance and in the frequency of capture during the fall. This 
probably corresponded with the time when the bulk of the young L. canpechanus 
first became susceptible to capture with the gear employed in this study. 

It is evident from the comparisons of the two size classes of JL. 
campechanus with respect to correlations with selected physical parameters 
that, within a given species, different sizes of fish may respond differently 
to some environmental variables. The implication clearly is that further 
studies on the relationships between the abundance of the species and 
environmental variables should consider the possible effects of individual 
size on the relations of the fish to environmental conditions. In parti- 
cular, if more plots such as those presented here are to be constructed, 
it may be best to divide each species into appropriate numbers of size 
classes before attempting the correlative analyses. 

The point to be obtained from the plots and foregoing discussion is 


that correlative relationships between the abundance of each fish species 


18-98 


and selected physical parameters may be drawn. These relationships do 
not necessarily represent actual functional (cause and effect) relation- 
ships, but they nonetheless offer a starting point for ascertaining what 
functional relationships may exist. These correlative relationships also 
provide some degree of predictive capability of fish abundances, although 
in its present form this capability is somewhat crude. It is hoped that 
the predictive capability will eventually be refined to the point where 
reasonably accurate statements on the distribution and abundances of 
Species can be made based on knowledge of the prevailing environmental 
conditions. Such work will inevitably lead to some understanding of the 
biological importance of certain environmental variables. For instance, 
the existence of appropriate temperatures and sediment composition may 
explain why certain species show highest abundance at or are restricted 
to particular depths, transects, or seasons. This approach is admittedly 
purely inferential, but it is felt that by proceeding in a systematic 

and cautious fashion, much can be learned from such correlative studies 


of the data at Nand: 
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ABSTRACT 


This report is concerned with the histopathologic analyses of 15 
species of demersal fishes. Observations pertain to nine cruises: three 
seasonal (February, June and October) and six monthly (March, April, 

July, August, November and December). All samples were collected at Sta- 
tions 1, 2 and 3, along Transect II and at Southern Bank. The minimum 
sampling effort was five specimens of two species of fish at each station. 
The organ sampling effort included heart, stomach, kidney, muscle and 
liver. Organ samples were prepared for histologic examination by routine 
histologic procedures. 


Parasitism, both protozoan and helminthic, was the primary cause of 
lesions in all organs. Lesions consisted of free and encapsulated para- 
Sites with varying degrees of inflammation and necrosis. The integrity 
of the tissues adjacent to the lesions was maintained. 


Quantitative analyses of the percentages of lesions between and with- 
in various groups demonstrated that the lesions of stomach and liver were 
significantly more frequent throughout the study than were those of kidney, 
muscle and heart, while kidney lesions occurred with significantly greater 
frequency than did heart and muscle lesions. Cardiac lesions were signi- 
ficantly more frequent in the vermilion snapper (Rhomboplites aurorubens) 
and the red snapper (Lutjanus campechanus) than in the 13 other species. 


Lesion percentages that did not differ significantly were as follows: 
between species, except between red snapper and Atlantic threadfin (Poly- 
dactylus octonemus); between cruises within stations; between stations; 
between cruises within seasonal effort; between cruises within monthly 
effort; and between seasonal and monthly cruises. 
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INTRODUCTION 


This annual report is concerned with the histopathologic analyses of 
demersal fishes. Qualitative and quantitative observations pertain to 
fish samples collected on nine cruises: three seasonal (February, June and 
October) and six monthly (March, April, July, August, November and Decem- 
ber). All samples were collected at Stations 1, 2 and 3, Transect Ii and 
at Southern Bank. The minimum sampling effort for this study was five 
specimens of two fish species at the Transect TI stations. An additional 
effort was made to collect five specimens of two fish species at Southern 
Bank. 

The organ sampling effort for each specimen within each species 
included the heart, stomach, kidney, muscle and liver. Samples eo agony fl blk 


Plesue were also collected on the first four cruises. Fish organ samples 


were collected by the Principal and Associate Investigators on abi cruises. 


MATERIALS AND METHODS 

Pech iwere collected in a 35 ft (10.7 m) otter trawl at Stations 1, 2 
and 3, and by hook and line at Southern Bank. Trawl time was approximately 
30 minutes, with two to four trawls per station. Fish from each trawl were 
sorted, identified by species, and placed in a live holding tank. Fish 
caught at Southern Bank were also placed in a live holding tank. 

Organ sample processing began immediately aboard ship in an effort 
to prevent postmortem changes. Samples of each organ no greater than five 
millimeters in all directions were placed in a fixative solution in tissue 
capsules with identification information. Two fixatives were employed: 
buffered neutral formalin and Helly solution (Appendix R, Table 1). 
Cardiac tissue, predominantly from the ventricle, was fixed primarily in 


Helly solution and occasionally in formalin. Organ samples were fixed 


19-4 


for 24 hours. 

Following fixation, the organ samples were washed in running tap water 
for 24 hours and placed in 70% ethyl alcohol. While in 70% alcohol, the 
tissues were trimmed to remove unnecessary connective tissue remnants and 
for blocking purposes. Kidney tissue, collected tn sttu, was placed in 
ethylene-diamine-tetra-acetic acid (EDTA) for eight hours to decalcify 
adjacent bone structures. All organ samples were then dehydrated with 
ethyl alcohol in increasing concentrations, cleared in xylene, infiltrated 
with paraffin? in a vacuum oven at 58° for three hours and embedded in 
paraffin’. 

Organs were sectioned at six micrometers on a rotary microtome’. The 
sections, cut from organs fixed in both Helly solution and formalin, were 
mounted on glass microscope slides. Section size permitting, six sections 
of formalin fixed tissue were mounted per slide. Two sections of Helly- 
fixed tissue were mounted per slide. A minimum of two slides was prepared 
for each organ with each fixative. The basic staining procedure employed 
was hematoxylin and eosin (Appendix R, Tables 2 and 3). Additional sections 
fixed in Helly solution were also stained with Verhoeff and Van Gieson 
connective tissue stain (Appendix R, Tables 4 and 5). All slides were 
mounted with synthetic mounting media’, 

Fish were coded aboard ship. Each fish species was given a single 
Arabic letter, followed by a number to indicate the sequence of the speci- 
mens within each species. This is referred to as the Haensly code and will 
be used throughaut this report. A computer code was also provided for each 


species, each specimen within each species, and each organ within each 





“TISSUE PREP, Fisher Scientific Co., Houston, Texas 77001 
“AMERICAN OPTICAL 820 
>HISTOCLAD, Clay Adams, Parsipany, New Jersey 07054 
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specimen, by the Data Management staff at the UTMSI/PAML. 


RESULTS AND DISCUSSION 
Organ samples for the 1977 sampling effort were collected from the 


species of fish listed in Table 19.1. 


Qualitative Evaluation 


The lesions observed in each of the organs were predominantly related 


to parasitism. 


Muscle 

Histology 

The muscle sections, sampled from blocks of tissue collected from the 
left dorsal trunk musculature, demonstrated striated muscle fibers cut 
obliquely and/or in cross-section, The individual fibers were large and 
Mereaniet by small amounts of collagenous connective tissue fibers. 
Occasionally, nerve ganglia and nerve fibers were observed between the 
muscle fibers. Blood vessels were also present in the interstitial connec- 


tive tissue. 


Histopathology 
All of the muscular lesions observed were related to parasitism. The 
majority were protozoan cysts, with and without prominent capsules, located 


either between or within the muscle fibers. These were classified as myxo- 


sporidian infections. A few of the parasitic lesions were encysted helminths. 


None of the lesions were associated with inflammatory reactions or accumu- 


lation of unusual cell types. 
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TABLE 19.1 


SPECIES LIST OF FISH COLLECTED DURING THE 1977 SAMPLING EFFORT 


Scientific Name 
Pristtpomotdes aqutlonaris 
tenotomus caprtnus 
Cynoseton arenartus 
Mtcropogon undulatus 
Peprtlus burtt 
Centroprtstts phtladelphteca 
Iutjanus campechanus 
Trachurus lathamt 
Serranus atrobranchus 
Lagodon rhombotdes 
Letostomus xanthurus 
Harengula pensacolae 
Chloroscombrus chrysurus 
Polydactylus octonemus 


Rhomboplttes aurorubens 


Common Name Haensly Code 
Wenchman A 
Longspine porgy B 
Sand seatrout C 
Atlantic croaker D 
Butter trish 1 
Rock sea bass F 
Red snapper G 
Rough scad H 
Blackear bass K 
Pinfish L 
Spot croaker M 
Scaled sardine N 
Atlantic bumper P 
Atlantic threadfin R 
Vermilion snapper SN 
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Kidney 

Histology 

Renal tissue was morphologically the same for all species, that is, 
nephrons were embedded in varying amounts of hemopoietic tissue. Glomer- 
uli were located peripherally, both dorsally and laterally, within the 
main renal mass. Renal tubules were numerous and appeared structurally 
similar to mammalian renal tubules, composed of a layer of simple cuboidal 
epithelial cells with round, central basophilic nuclei surrounded by an 
eosinophilic cytoplasm. Wandering lymphocytes penetrated the tubular 
epithelium only occasionally. 

Scattered through the kidney sections were areas of pigment-contain- 
ing cells. The pigmented areas varied in number from kidney to kidney 
and appeared to be associated with the hemopoietic tissue. Delicate 
strands of collagenous fibers supported the renal parenchyma. Connec- 
tive tissue was not conspicuous in the kidney except adjacent to large 
blood vessels. Acidophil cells were occasionally observed in the renal 


interstitium. 


Histopathology 

The lesions observed in the kidney samples were varied: protozoa 
in duct lumens and between duct epithelial cells or thickly encapsu- 
lated in the parenchyma as xenomas, remnants of helminth parasites, and 
an apparent deposition of large amounts of lipid in tubule epithelial 
cells. Protozoa, free or encysted, were observed to be the most numer- 
ous parasite. A cardiac protozoa, observed only in fish sampled at 
Southern Bank, was also detected within the lumen of renal vessels. 


Adenomas were observed in two kidney samples. 
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Heart 

Histology 

Sections of cardiac ventricular muscle revealed bundles of striated 
muscle fibers cut in cross section, obliquely or longitudinally. Small 
amounts of collagenous connective tissue fibers supported the muscle 
cells and the abundant interstitial vascular supply. Occasional clumps 
of lightly pigmented cells were present, predominantly in the pericardium. 


Acidophil cells were occasionally observed in the pericardial region. 


Histopathology 

Encysted helminth parasites or their remnants were infrequently 
observed. The predominant cardiac lesions were circular and measured 
about 24 um in diameter. The outer wall of these lesions were cellular 
and surrounded a central region varying structure which was apparently 
degenerative. In the same hearts that contained these lesions, there 
were protozoa-like cells aligned in rows along the cardiac muscle fibers 
Or arranged in aggregates between muscle fibers. An extensive myocarditis 
was associated with these lesions. These protozoa-like cells were present 


only in the cardiac tissue of fish sampled at Southern Bank. 


Stomach 

Histology 

The basic structure of the stomach wall was similar to that of carni- 
vorous animals and exhibited a well-developed mucosa with columnar epithel- 
ial cells, gastric glands and muscularis mucosa, a well-developed submu- 
cosa, and tunica muscularis. No parietal cells were observed in the gland- 
ular epithelium in any of the species examined. Occasionally, striated 


muscle fibers were present in the muscle tunic. 
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Histopathology 

Most of the histopathologic observations were lesions associated 
with parasitism. Helminth parasites were occasionally seen in the mucosa 
or attached to the mucosal surface. The most common mucosal parasites 
were protozoa, located among the gastric epithelial cells either as single 
cells or in small groups. 

Protozoa were also observed in the submucosa, although less frequently 
than helminths. Helminth parasites in the submucosa represented the most 
intensive gastric infection, with sections of encysted trematodes, ces- 
todes and nematodes. In addition, many encapsulated areas-of degenerat- 
ing parasitic foci could be detected in the submucosa. Helminth parasites 
were occasionally observed in the tunica muscularis. 

The submucosa of all stomachs exhibited varying amounts of inflam- 
matory reactions. Usually these were scattered foci of inflammatory 
cells, predominantly lymphocytes, plasma cells or mixtures of these two 
cell types. Lymph nodules were not observed. 

Acidophil cells were commonly observed in the gastric tissue. While 
they were predominantly located in the submucosa, they were also present 
in the other two wall types. In this study, the presence and numbers of 
acidophil cells in the stomach appeared to be directly correlated with 


the degree of parasitism. 


Liver 

Histology 

Liver cell arrangement was generally either tubular or muralium. In 
the tubular pattern, six to eight hepatocytes surrounded a central sinusoid. 
In the muralium arrangement, there were interweaving sheets of hepatocytes 


two cells thick, marginated by sinusoids. 
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Hepatocytes were large cuboidal cells with prominent nuclei and 
nucleoli. The cytoplasm ranged from non-vacuolated to extremely vacu- 
olated. Vacuolation of the hepatocytes may have been due to glycogen 
and/or lipid accumulation. 

Sinusoids were lined by discontinuous endothelium and Kupffer cells. 
The sinusoids were either dilated or closed. Sinusoid dilation may have 
been a shock reaction to trawl entrapment and rapid decompression. 

Hepatopancreas (exocrine pancreas) units were scattered through the 
hepatic parenchyma in all species observed except the rock sea bass (F) 
and the rough scad (H). With hematoxylin and eosin stain, hepatopancrea- 
tic cells were basophilic, showing prominent eosinophilic zymogen gran- 
ules at the apical end of the columnar cells. 

Groups of yellow to gold pigmented cells were also found in the hep- 
atic parenchyma. 

In the perihepatopancreatic space, cells with acidophilic granules 


and basophilic nuclei (acidophil cells) were sometimes observed. 


Histopathology 

Pathologic lesions were primarily parasitic in nature. Three types 
of protozoa were observed. Encysted biconcave discs and nucleated proto- 
zoa were present in the hepatic parenchyma. A third type of protozoa was 
observed between epithelial cells of the bile ducts. This type was oval 
with an eosinophilic cytoplasm and basophilic nuclei. 

Cross sections of helminths were observed in the liver parenchyma. 
One bile duct contained a trematode. 

Necrosis was frequently observed in the liver parenchyma, bile ducts 
and blood vessels. Granulomas were observed occasionally. 

Scattered areas of vacuolated hepatocytes were present in some liver 


samples. 


Toei 


Gill 





Gill tissue samples were not routinely collected. Except for one 


sample that contained an ectoparasite, no histopathology was observed. 


Quantitative Evaluation 

Duncan's new multiple range test (Steel and Torrie, 1960) was used to 
detect possible significant differences between means. Percentages of 
lesions found in various groups of fish were used to interpret data from 
this testing. Gill tissues were not included in the analyses because 
they were not routinely collected. The results from this study are recorded 
saeabtes 19.2 through 19.17. 

Table 19.2 is a summary of the entire investigation according to 
species of fish and organs within each species. Forty-two percent of 
1591 organ samples showed lesions. Among species, lesions present varied 
from 16% (threadfin,R) to 69% (red snapper, G) “SThismevariation way Giave 
little meaning because species sample size varied widely. In only one 
comparison, red snapper (G) versus threadfin (R), was there a significant 
difference in the percentages of lesions observed. This absence of sig- 
nificant differences between species was due to the large variation which 
existed within each species. 

For the overall study, Table 19.2 also summarizes the percentages of 
lesions found in each organ. Regardless of species, the stomach and liver 
had consistently more lesions than did other organs,=perhaps because the 
functions of stomach and liver make them more susceptible to infection. 
Lesion percentages in heart, kidney and muscle were smaller and more vari- 


able, with the overall percentage of kidney lesions significantly higher 


than were the percentages of heart and muscle lesions. Compared with the 


Organ 


Heart 


Stomach 


Kidney 


Muscle 


Liver 


Gill 


tora, 103(43)  111(36) 420(48) _43(24) 


eat) . geal «Neonat 





Be*(3)8* 305) 


44 55 
45(100) 37(67) 
45 55 
11(26) = -13(24) 
43 55 
_2(4) _3(5) 
45 55 
41(91) 55100) 

5 55 
_0(0) _0(0) 
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_0(0) 
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29(64) 
45 


_0(0) 
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TABLE 19,2 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS WITHIN 


EACH SPECIES SAMPLED ON THE FEBRUARY, MARCH, APRIL, 
JUNE, JULY, AUGUST, OCTOBER, NOVEMBER, AND DECEMBER 


CRUISES, 1977, SOUTH TEXAS OCS MONITORING STUDY 


Spectes 











D E F G i K L M N P R SN TOTAL 
_3(9) _0(0) _0(0) 16(80) 0(0) _0(0) 0(0) wee?) 0(0) 1(20) 0(0) 19(63) _47(15) 
35 20 14 20 5 14 5 15 5 5 5 30 317 
24(40)  14(70) 11073) 20(100)2(40) _9(64) = -2(40) 6 (40) ~~ 360) ~—S— 00) 4(80)  —.26(87) ~—-236(76) 
35 20 15 20 5 14 5 15 5 5 5 30 319 
29(26))  0(0) 147} 14(70) = 4(80) ~—_0(0) A(20) - 53) F000) 0(0) 0(0) _9(30) — 100(32) 
35 20 15 20 5 14 5 15 5 5 5 30 317 

2(6) 0(0)  _0(0) _0(0) = -2(40) 0a) 41(20)-12(80) ~——-Q(0) (0) 0(0) 70(0) Be 32012) 
35 20 15 20 5 14 5 15 5 5 5 30 319 
P5(43¥e° 32660) $1174) 19(95) -4(80) «8 (57) 3(60) — 12(80) 2(40) 4(80) 0(0) 28(93) 243(76) 
35 20 15 20 5 14 5 1 5 5 5 30 319 

O(6)S. 00) _0(6) 1(20) —-0(0) 0(0) 0(0) (0) aca) 0(0) 0(0) £0(0) > 8G) 

5 15 10 5 0 e 5 5 0 0 0 10 134 

—26(23)  23(27) = _70(67) «14(48) = 1723) 723) 36 (45) _5(20) = _5(20) = 4(16) ~—_-82(51) 66438) 
180 115 84 105 25 74 30 80 25 25 25 160 1725 





*Numerator: number of organs containing histopathologic condition. 
Denominator: number of organs sampled. 


**Percentage of lesions. 
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TAGLe Lo. 
NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS WITHIN 
STATION 1, TRANSECT IT, ON THE MONTHLY AND SEASONAL 
CRUISES, 1977, SOUTH TEXAS OCS MONITORING STUDY 


Cruise Dates 


Feb. March April June July Aug. Oct. Nov Dec 

Organ/Species E,K CE Cok C,D Gehl mP DR CyD -OyD TOTAL 

Heart 0*(0)** — 0(0) 0(0) O(0) ~ pqQ(O) ygl(t0) — p@il¥O) 29OTD) pant _2(2) 
9 10 10 10 10 10 10 10 10 89 

Stomach 3(33) _9(90) m9 (9.0) _5(50) eC 0) _3(30) _6(60) _9(90) _ 6(60) 57(64) 
9 10 10 10 70 10 10 10 10 89 

Kidney 0(0) _5(50) _4(40) _6(60) —7(70) _0(0) et GD) _4(40) _3(30) 30(34) 
) 10 10 10 10 10 10 10 10 89 

Muscle 0(0) _4(40) _2(20) _2(20) m2 G20) _0(0) _0(0) _1(10) PLeLU) A 2C13) 
9 10 10 10 © 10 10 10 10 10 89 

Liver 7(78) _8(80) _7(70) _3(30) _0(0) _6(60) _5(50) _5(50) g 220) 43(48) 
9 10 10 10 10 10 10 10 10 89 

Gill im Trento) “40(0)  ~_uCa) 0(0) 0(0) 0(0) 0(0) 0(0) _0(30) 
9 10 10 10 0 0 0 0 0 39 

TOTAI 10(19) 26(43) wet] ) 16(27) 24 (48) 10(20) 13(26) 19 (38) 12(24) Posty) 
: 54 60 60 60 50 50 50 50 50 484 
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number of organs containing histopathologic conditions. 
number of organs sampled. 


*Numerator: 
Denominator: 


*kkPercentage of lesions. 


TABLE 1954 
NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS WITHIN 
STATION 2, TRANSECT II, ON THE MONTHLY AND SEASONAL 
CRUISES, 1977, SOUTH TEXAS OCS MONITORING STUDY 


Cruise Dates 


Feb. March April June July Aug. Oct. Nov. Dec. 
Organ/Species BSF B,L CM A,F _ Ege eK DM C,D D,M TOTAL 
Heart BOO ee 0) (OK0)e 000) 0G) O(0) . _8@10) Glo) gb) ees 
10 10 10 10 10 9 10 10 10 89 
Stomach _7(70) _6(60) _8(80) 230) —EGIO) _6(60) _5(50) — 2G70) #2@20) 57(63) 
10 10 10 10 10 10 10 10 10 90 
Kidney rg O)s 21Gt0)  7RG80)- = 8000)". -0q) am) . 330) * — Rasty  Auao mae ‘© 
10 10 10 10 10 10 10 10 10 90 a 
Muscle 060.) _1(16) _7(70) _0(0) _0(0) _0(0) —4(40) _3(30) 4330) 18(20) 
10 10 10 10 10 10 10 10 10 90 
Liver _9(90) _ 8(80) _8(80) 10(100) —5(50) _5(50) _8(80) _4(40) _3(30) 60(67) 
10 10 10 10 10 10 10 10 10 90 
Gill roy, OO} Ot0}s— —_ 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) _0(0) 
10 10 10 10 0 0 0 0 0 40 





Bree 0026) © 531152) 19(32)  12(24) ~~ 11.(22) 2 21(42)) 29046) 0020) een) 


PRLAL 60 60 60 60 50 49 50 50 50 4,89 





‘Numerator: number of organs containing histopathologic conditions. | 
Denominator: number of organs sampled. 


**Percentage of lesions. 








Organ/Species 


Heart 


Stomach 


Kidney 


Muscle 


Liver 


Gill 


TOTAL 


ae a a oe ene ee aa 


Feb. March 
BC A,B 
_2*(20)** 0(0) 
10 9 
-9(90) —_8(80) 
10 10 
_3(30) 4(50) 
10 8 
—4(40) — _1(10) 
10 10 
_9(90) —-10(10) 
10 10 
_0(0) _0(0) 
10 10 
27(45) —-23(40) 
60 5] 
ANumerator: 
Denominator: 


TABLE 19.5 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS WITHIN 
STATION 3, TRANSECT IT, ON THE MONTHLY AND SEASONAL 


April 
A,B 


_0(0) 
10 


_9(90) 
10 


_3(30) 
10 
_1(10) 
10 
10(100) 
10 
_0(0) 
10 


23(38) 
60 


k*kPercentage of lesions. 


Cruise Dates 


June 


A,B 


_1(10) 
10 


_9(90) 
10 


140) 
10 


_0(0) 
10 


10(100) 
10 


_0(0) 
10 
21(35) 
60 








July Aug. 
Do em 9 Es 
-1@0) — _1(10) 
10 10 

10(100) -9(90) 

10 10 
30) _4(40) 
10 10 
110) _0(0) 
10 10 
10(100) _8(80) 
10 10 

0(0) 0(0) 

0 0 
25(50) 2244) 

50 


50 


CRUISES, 1977, SOUTH TEXAS OCS MONITORING STUDY 


Oct. 


_1(10) 
10 


_6(60) 
10 


_4(40) 
10 


_0(0) 
10 


10(100) 
10 


0(0) 
0 





21(42) 
50 


SS 
_9(0) 
10 


_8(80) 
10 


_9(0) 
10 


_0(0) 
10 


10(100) 
10 


0(0) 
0 


18(36) 
50 


Dec. 


_1(10) 
10 


_8(80) 
10 


_3(30) 
10 


_0(0) 
10 


_8(80) 
10 


0(0) 
0 


2040) 
50 


TOTAL 


_1(8) 
89 


16 (84) 
90 


25(28) 
88 


_7(8) 
90 


85(94) 
90 


_0(0) 
40 


200(41) 


487 





number of organs containing histopathologic conditions. 
number of organs sampled. 


Sts6 


TABLE 19.6 
NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS WITHIN 
SOUTHERN BANK ON THE MONTHLY AND SEASONAL CRUISES, 
1977, SOUTH TEXAS OCS MONITORING STUDY 


Cruise Dates 





April June July Aug. Oct. Nov. Dec. 
Organ/Species SN,G SN,G SN,G _8N,G SN et basee SN TOTAL 
Heart 8*(89(4* 2(33) S770) _8(80) 3(60) 4(80) 3(60) 35(70) 
9 6 10 10 5 5 é) 50 
Stomach 8(89) 6(100) 10(100) 10100) 4(80) 5(100) 3(60) 46(92) 
9 6 10 10 5 5 5 50 = 
i 
Kidney 2(22) CL it30), 29190) 2(40) 4(80) 2(40) 23(46) ne 
9 6 10 10 5 5 iS 50 
Muscle 0(0) 0(0) _0(0) _0(0) 0(0) 0(0) 0(0) _0(0) 
9 6 10 10 5 5 5 50 
Liver 9(100) 6(100) —9(90) 10(100) 3(60) 5(100) 5(100) 47(94) 
9 6 10 10 5 5 5 50 
Gill 1(1) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 17) : 
9 6 0 () 0 0 0 ha) 
ee eee 8 Oe ES yee pee ta 4 eee | 
rOTAT 28(52) 15(42) 29 (58) 37(74) 12(48) 18(72) 43052) 152(57) | 
i 


54 36 50 50 yas) 25 22 265 


Sel ea a ese <= : ae 
*Numerator: number of organs containing histopathologic conditions. 
Denominator: number of organs sampled. 








*kPercentage of lesions. 





TABLE 19°. 7 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 


February June October 
Organ/Species ~K.BSEt B36 ,C,A,F,B,5N,G D,R,M,A,B,SN TOTAL 
Heart panes Bie) _6(17) ATC 
sa 36 35 100 
Stomach 19 (65) 29(81) 21(60) 69 (69) 
29 36 35 100 
Kidney 413) _8(22) 10(29) 7 a an Ga AD 
29 36 35 100 
Muscle 413) ee 05) 401) _10(10) 
29 36 45 100 
Liver 25(86) 29(81) 26(24) _80(80) 
29 36 35 100 
Gill _0(0) _0(0) 0(0) _0(0) 
29 36 0 65 
TOTAL 54(31) 71(33) 67(38) 192(34) 


FOR THREE SEASONAL CRUISES, 1 i a a 
SOUTH TEXAS OCS MONTTORING STUDY 


Seasonal Cruises 


Iogigs og! 


174 216 175 565 


ee ee eee 











ANumerator: number of organs containing histopathologic 
conditions. 
Denominator: number of organs sampled. 


*kkPercentage of lesions. 





Organ/Species 


Heart 


Stomach 


Kidney 


Muscle 


Liver 


Gill 


TOTAL 


_0*(0) ** 
29 


23(76) 
30 


10(35) 
28 


_6(20) 
30 


26(86) 
30 


_0(0) 
30 


65(36) 
177 


*Numerator: 
Denominator: 





34 (87) 
39 


17444) 
39 


10(26) 
39 
34(87) 
39 


iC) 
39 


104(44) 
234 


number of organs containing histopathologic conditions. 
number of organs sampled. 


*kPercentage of lesions. 


_90(45) 
200 


TABLE 19.8 


Monthly Cruises 


34(85) 
40 


13(32) 
40 


_80(40) 


Aug. 


NoPE 


A,B,SN,G 


10(26) 
39 


28(70) | 
40 


13(32) 
40 


_0(0) 
40 
29(72) 
40 


0(0) 
0 





NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC 
CONDITIONS FOR SIX MONTHLY CRUISES, 1977, 
SOUTH TEXAS OCS MONITORING STUDY 


29(83) 
33 


16(46) 
35 


etl) 
SxS 


24 (69) 
35 


0(0) 
0 


_78(45) 
175 


18(51) 
35 


(0) 


_55(31) 


AS 


a ee 


TOTAL 


36(17) 
Zi] 


167(76) 
21g 


_78(40) 
27 


g7 C12) 
Pal ie) 


163(74) 
219 


ert) 
69 


472(41) 
1160 





ST-6T 





TABLE 19.9 














NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE FEBRUARY, 1977, 
CRUISE, SOUTH TEXAS OCS MONITORING STUDY 


Station 1 Station 2 Station 3 
Organ/Species: E K BF F B ® TOTAL 
Heart 0* (0) ** 0(0) 0(0) 0(0) 2(40) 0(0) _2(6) 
5 4 5 5 5 5 29 
Stomach 2(40) a(Z5) 2(40) 5 (100) 4(80) 5 (100) 19(65) 
5 4 5 5 5 5 29 
Kidney 0(0) 0(0) 0(0) 1(20) 2(40) 1(20) _4(13) 
5 4 5 5 5 5 29 
(6 
Muscle 0(0) 0(0) 0(0) 0(0) 2(40) 2(40) _4(13) a5 
5 4 5 5 5 5 29 oO 
Liver 4(80) 3(75) 5 (100) 4(80) 5 (100) 4 (80) 25(86) 
5 4 be) 5 5 5 29 
Gill 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) _0(0) 
5 4 5 5 5 5 29 
Subtotal _6(20) _4(16) “7 (23) 10(33) 15 (50) 12 (40) 
30 24 30 30 30 30 
TOTAL 10(18) 17(28) 27(45) _54(31) 
54 60 60 174 








*Numerator: number of organs containing histopathologic conditions. 
Denominator: number of organs sampled. 


kkPercentage of lesions. 


Organ/Species: 


Heart 


Stomach 


Kidney 


Muscle 


Liver 


Gill 


Subtotal 


TOTAL 


TABLE 19.10 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE MARCH, 1977, 
CRUISE, SOUTH TEXAS OCS MONITORING STUDY 











Station 1 rel oe oan eye 2 Station 3 
C E Boe L - A B 
O*(Q) ** 0(0) 0(0) 0(0) 0(0) 0(0) 
5 5 5 5 4 5 
5(100) 4(80) 4(80) 2(40) 5(100) 3(60) 
5 5 5 5 5 5 
5(100) 0(0) 0(0) 1(20) 1(33) 3(60) 
5 5 5 5 3 5 
4(80) 0(0) 0(0) 220) 1(20) 0(0) 
5 3 5 5 5 5 
5(100) 3(60) 5(100) 3(60) 5(100) 5(100) 
5 5 a 5 5 5 
0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 
5 5 5 5 5 5 
19(63) _1(23) egtsa)= 22093} 12(44) —-11.(36) 
30 30 30 30 2% 30 
26(43) 16 (26) 23(40) 
60 60 ah 





*Numerator: number of organs containing histopathologic conditions. 
Denominator: number of organs sampled. 


*kPercentage of lesions. 


TOTAL 


_0(0) 
29 


23(76) 
30 


10(35) 
28 


_6(20) 
30 


26 (86) 
30 


_9(0) 
30 


_65(36) 


VTi 


a SE ED 


Ot>61 


TABLE 19.11 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 


PER NUMBER OF ORGANS SAMPLED ON THE APRIL, 1977, 
CRUISE, SOUTH TEXAS OCS MONTTORING STUDY 




















Ries KE 








Station l Station 2 Station 3 Southern Bank 
Organ/Species: C E M G A B SN G TOTAL 
Heart O* (0) ** 0(0) 0(0) 0(0) 0(0) 0(0) 4(80) 4 (100) _8(21) 
5 5 5 5) 5 5 3 4 39 
Stomach 4(80) 5 (100) 3 (60) 5 (100) 5 (100) 4(80) 4(80) 4(100) 34 (87) 
5 5 5 5 5 2) 2 4 39 
Kidney 4(80) 0(0) 3(60) 5 (100) 1(20) 2(40) 0(0) 2(50) 17(44) 
5 5 5 5 5 5 4 39 
Muscle 2 (40) 0(0) 5(100) 2(40) 0(8) 1(20) 0(0) 0(0) 10 (26) 
5 5 5 ie 5 5 5 4 39 
Liver 5 (100) 2(40) 4(80) 4 (80) 5 (100) 5(100) 5 (100) 4(100) 34 (87) 
5 5 5 5 a s 5 4 39 
Gill 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(25) ewes 
5 5 5 5 5 5 5 4 39 
Subtotal 15(50) ra) 15(50) 16(53) 11GH 12 (40) 13(43) 15 (62) 
30 30 30 30 30 30 30 24 
TOTAL 22(37) 31(52) 23(38) 28(52) 104 (44) 


60 60 60 54 234 


ee ee ee 


*Numerator: 
Denominator: 


number of organs containing histopathologic conditions. 
number of organs sampled. 


*kPercentage of lesions. 


TABLE 19.12 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE JUNE,1977, 
CRUISE, SOUTH TEXAS OCS MONITORING STUDY 








Station 1 Station 2: Station 3 Southern Bank 
Organ/Species D C A F A B SN G TOTAL 
Heart O*(0)** ——-0(0) 0(0) 0(0) 1(20) 0(0) 2(40) 0(0) _3(8) 
5 5 5 5 5 5 5 ip 36 
Stomach 0(0) 5(100) 5 (100) 4(80) 5(100) 4 (80) 5 (100) 1(100) 29(81) 
> 5 5 5 s) 5 5 1 36 
Kidney 1(20) 5(100) 0(0) 0(0) 0(0) 1(20) 1(20) 0(0) 0 622) 
s, 5 5 5 5 5 ) L 36 
Muscle 0(0) 2(40) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) _2(6) 
5 5 5 5 5 y 5 1 36 
Liver 1(20) 2(40) 5(100) 5(100) 5(100) 5 (100) 5 (100) 1(100) 294819 
5 5 5 2 5 5 5 Z 36 
Gill 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) _0(0) 
5 5 5 5 5 5 2 1 36 
Subtotal mets) 14(47) 10(33) _9(30) ets) 10 (33) 13(43) 2125) 
30 30 30 30 . 30 30 30 6 
TOTAL 16(27) Eat St) 21(35) 15 (42) _71(33) 
60 60 60 36 216 


a Nl ee 
*Numerator: number of Organs containing histopathologic conditions. 
Denominator: number of organs Sampled. 


**Percentage of lesions. 














CCTOL 


TABLE’ 197213 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE JULY, 1977, 
CRUISE, SOUTH TEXAS OCS MONITORING STUDY 














Southern 
Station 1 Station 2 Station 3 Bank 
Organ/Species: C H i pear ik ak B SN G TOTAL 
Heart 0*(0)** = 0(0) 0(0) 0(0) 1(20) 0(0) 4(80) 3(60) _8(20) 
5 5 5 5 5 5 5 5 40 
Stomach 5 (100) 2(40) 3(60) 4(80) 5(100) 5(100) 5(100) 5(100) 34(85) 
5 5 5 5 5 5 5 5 40 
Kidney 3(60) 4(80) 0(0) 0(0) 3(60) 0(0) 0(0) 3(60) 13(32) 
5 5 5 5 5 5 5 5 40 
Muscle 0(0) 2(40) 0(0) 0(0) 1(20) 0(0) 0(0) 0(0) _3(8) 
5 5 5 5 5 5 5 5 40 
Liver 4(80) 4(80) 3(60) 2(40) 5(100) 5(100) 5(100) 4(80) 32(80) 
5 5 5 5 5 5 : 5 40 
aneeey 12(48) 12(48) _6(24) _6(24) 15(60) 10(40) 14(56) 15(60) 
ee 25 25 25 25 25 25 25 25 
TOTAL 24(48) 12(24) 25(50) 29(58) _90(45) 


50 50 50 50 200 





*Numerator: number of organs containing histopathologic conditions. 
Denominator: number of organs sampled. 


**kPercentage of lesions. 


£i-61 


Organ/Species: 


Heart 


Stomach 


Kidney 


Muscle 


Liver 


Subtotal 


TOTAL 





TABLE 


19.14 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE AUGUST, 1977, 
CRUISE, SOUTH TEXAS OCS MONITORING STUDY 


Station 1] 
asihaal EAC at Sl 
O*(0) *4 1(20) 
5 5 
3(60) 0(0) 
5 5 
0(0) 0(0) 
%, 5 
0(0) 0(0) 
5 5 
2(40) 4(80) 
5 5 

_5(20) 5 (20) 
25 23 
10(20) 
50 


a ee SO LEYS OC 
number of organs containing histopathologic conditions. 
number of organs sampled. 


ANumerator: 
Denominator: 











Station 2 
K F 
0(0) 0(0) 
5 4 
4(80) 2(40) 
5 =) 
0(0) 0(0) 
5 5 
0(0) 0(0) 
5 5 
3(60) 2(40) 
Si ] 
7(28) _4(17) 
2a 24 


Le , 


11(22) 


**Percentage of lesions. 











Station 3 
ori B 
1(20) 0(0) 
5 5 
5(100) 4(80) 
5 5 
3(60) 1(20) 
5 5 
0(0) 0(0) 
5 5 
3(60) 5(100) 
5 i 
12(48) ——-10(40) 
25 25 
22(44) 
50 











Southern 
Bank 
SN G 
3(60) 5(100) 
5 s' 
5(100) 5(100) 
> 5 
4(80) 5(100) 
3 a 
0(0) 0(0) 
5 5 
5(0) 5(100) 
5 os 
17(68) 20(80) 
25 25 
37(74) 
50 


TOTAL 


10(26) 
39 


28(70) 
40 


13(32) 
40 


_0(0) 
40 


29(72) 
40 


_80(40) 


199 


9C-6E 


TABLE 19.15 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE OCTOBER, 1977, 
CRUISE, SOUTH TEXAS OCS MONITORING STUDY 








Southern 
Station 1 Station 2 Station 3 Bank 
Organ/Species D R D sort > 7S B SN 
Heart 14(20)** — 0(0) 0(0) 1(20) 1(20) 0(0) 3(60) 
5 5 5 5 5 S 5 
Stomach 2(40) 4(80) 2(40) 3(60) 5(100) 1(0) 4(80) 
> 5 5 5 5 5 5 
Kidney 1(20) 0(0) 1(20) 2(40) 2(40) 2(40) 2(40) 
5 5 5 5 5 5 a 
Muscle 0(0) 0(0) 0(0) 4(80) 0(0) 0(0) 0(0) 
5 5 5 5 B 5 5 
Liver 5(100) 0(0) 3(60) 5(100) 5 (100) 5 (100) 3(60) 
5 5 5 5 5 5 ‘e 
_9(36) _4(16) _6(24) 15(60) wee) pent 32) 
SOD EnT At. 25 25 25 25 25 25 
ca 13(26) 21(42) 21(42) 12(48) 
ia baie 50 50 50 25 








*Numerator: number of organs containing histopathologic conditions. 
Denominator: number of organs sampled. 


**Percentage of lesions. 


TOTAL 


_6(17) 
35 


21(60) 
ee 


10(29) 
35 


411) 
35 


26(74) 
& fw, 


67(38) 
5 a 


c7-6T 


TABLE 19.16 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE NOVEMBER, 1977, 
CRUISE, SOUTH TEXAS OCS MONITORING STUDY 





Southern 
Station 1 Station 2 Station’ 2 Bank 
Organ/Species C D C ae A a G - TOTAL 
Heart 0*(0)** — 0(0) 0 1(20) 0(0) 0(0) 4(80) _5(14) 
5 5 5 5 5 5 5 35 
Stomach 5(100) 4(80) 5 2(40) 5(100) 3(60) 5(100) 29(83) 
5 5 5 5 5 5 5 35 
Kidney 2(40) 2(40) 5 3(60) 0(0) 0(0) 4(80) 16 (46) 
5 5 5 5 5 5 5 35 
Muscle 0(0) 1(20) 2 1(20) 0(0) 0(0) 0(0) 41) 
5 5 5 5 5 5 5 35 
Liver 2(40) 3(60) a 2(40) 5(100) 5(0) 5(100) 24(69) 
5 5 5 5 5 5 5 35 
-9(36)  :10(40) ss -14(56) = _9(36) 10(40) _8(32) 
sae 25 25 25 25 25 25 
he 19 (38) 23(46) 18(36) 18(72) 78(45) 
coLeS 50 50 50 25 175 





*Numerator: number of organs containing histopathologic conditions. 
Denominator: number of organs sampled. 


*kPercentage of lesions. 


97-61 





Organ/Species 


Heart 


Stomach 


Kidney 


Muscle 


Liver 


Subtotal 


TOTAL 


— eee —— — ——_——. 


TABLE 19.17 


NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE DECEMBER, 1977, 
CRUISE, SOUTH TEXAS OCS MONITORING STUDY 











Station 1 Station 2 Station 3 
Dag C Db. & Mia A B 
O*(0)** — 0(0) 1(20) 0(0) 0(0) 1(20) 

5 5 5 5 5 5 
2(40) 4(80) 2(40) 0(0) 5(100) 3(0) 
5 5 5 5 5 5 
0(0) 3(60) 1(20) 0(0) 1(20) 2(40) 
5 5 5 5 5 5 
0(0) 1(20) 0(0) 3(60) 0(0) 0(0) 
5 5 5 5 5 5 
1(20) 1(20) 0(0) 3(60) 3(60) 5(100) 
5 5 5 5 5 5 
_3(12) _9(36) _4(16) _6(24) _9(36) 11(44) 
25 25 25 25 25 25 
12(24) 10(20) 20(40) 
50 50 50 








*Numerator: number of organs containing histopathologic conditions. 


Denominator: number of organs sampled. 


**Percentage of lesions. 


Southern 
Bank 


2(40) 
5 


0(0) 
5 


5(100) 
5 


13(52) 
25 


13(52) 


2S 


TOTAL 


514) 
Sh) 


19(54) 
35 
_9(26) 
35 


Ean, 
35 


18(51) 
35 


_55(31) 


72 


Liat T 


19-28 


other 13 species, vermilion snapper (SN) and red snapper (G) showed signi- 
ficantly more cardiac lesions, an observation which may be related to the 
environment of these two species (Southern Bank). Kidney and muscle 
lesions were more numerous in sand sea trout (C), rough scad (H), and spot 
croaker (M) than in all other species. Red snapper (G) also had numerous 
kidney lesions. 

Tables 19.3 - 19.6 summarize lesion percentages observed at the various 
stations: 1, 2 and 3, Transect II, and Southern Bank, respectively. No 
Significant differences in overall lesion frequency was found in organ 
samples taken from monthly cruises and those taken from seasonal cruises. 
Again, however, within each station gastric and hepatic lesions were sig- 
nificantly more frequent than cardiac, renal and muscular lesions, and 
renal lesions were significantly more frequent than lesions of heart and 
muscle. There was a consistent increase in the overall number of lesions 
observed from Stations 1 to 2 to 3 to Southern Bank. 

A comparison of the lesions found in each organ at each station gave 
the following results: cardiac lesions were significantly more frequent 
at Southern Bank than at the other stations; hepatic lesions were signi- 
ficantly more frequent at Southern Bank than at Stations 1 and 2; and 
hepatic lesions were more frequent at Station 3 than at Station 1. Liver 
lesion percentages increased from Station 1 to 2 to 3, with the highest 
percentage at Southern Bank. 

Table 19.7 presents a summary of percentages of lesions observed 
during the seasonal sampling effort. These percentages did not differ 
Significantly among the seasonal cruises. During these cruises, however, 


both liver lesions and stomach lesions were observed with significantly 




















19:29 


greater fr eaueney than were muscle, heart and kidney lesions. 

Table 19.8 summarizes lesion percentage data gathered from the monthly 
cruises and, again, the overall percentages from these cruises showed no 
significant difference. Percentages of both liver and stomach lesions 
were significantly larger than the percentages of muscle, heart and kidney 
lesions, and the kidney percentage was significantly larger than those for 
muscle and heart. 

Between seasonal and monthly cruises (Tables 19.7 and 19.8), overall 
lesion percentages were not significantly different, nor were the percen- 
tages of liver, stomach, muscle, kidney or heart lesions. 

Tables 19.9 through 19.17 present histopathologic detail of each 
seasonal and monthly sampling effort as well as the data summarized in 


Tables 19.2 through 19.8. 


SUMMARY 

The qualitative information obtained in the histopathologic study of 
demersal fish demonstrated that parasitism was the major cause of lesions. 
Lesions that may be related to other pathologic agents were not observed. 
Parasitism caused varying degrees of necrosis, especially in the liver and 
stomach. Adjacent to such lesions, however, the general integrity of the 
tissues was maintained. 

Quantitative analyses of the percentages of lesions between and with- 
in various groups demonstrated the following: 

1. Approximately two-fifths of the organ samples collected had —: 
lesions. 

2. Among species, aside from significant differences between red 
snapper (G) and threadfin (R), overall lesion percentages did not differ 


significantly. 


19-30 


3. Hepatic and gastric lesions were significantly more frequent 
throughout the study than heart, kidney and muscle lesions. 

4. Overall, kidney lesions occurred with Significantly greater fre- 
quency than did heart and muscle lesions. 

2. Cardiac lesion percentages in vermilion snapper (SN) and red 
snapper (G) were significantly higher than in the 13 other species sampled. 

6. Within each station, lesion percentages did not differ signifi- 
cantly according to month or season. 

7. Within each station, gastric and hepatic lesions were observed 
with significantly greater frequency than were heart, kidney and muscle 
lesions. Kidney lesions were Significantly more frequent than heart or 
muscle lesions. 

8. Overall lesion percentages did not differ Significantly according 
to station. 

9. Cardiac lesions were observed with Significantly greater fre- 
quency at Southern Bank than at Stations 1, 2 or 3. 

10. Gastric, renal and muscular lesion percentages did not differ 
Significantly according to station. 

11. Hepatic lesions were significantly more frequent at Southern 
Bank than at Stations 1 and 2 and Significantly more frequent at Station 3 
than at Station. lL: 

12. Among the seasonal cruises, overall lesion percentages were not 
significantly different. 

13. During the seasonal cruises, gastric and hepatic lesions were 
Significantly more frequent than were muscular, cardiac and renal lesions. 

14. During the monthly cruises, gastric and hepatic lesions were sig- 
nificantly more frequent than were muscular, cardiac and renal lesions, 


while kidney lesions were significantly more frequent than those for 
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muscle and heart. 

15. Overall lesion percentages did not differ significantly accord- 
ing to month or season. 

16. Percentages of cardiac, gastric, hepatic, renal and muscular 


lesions did not differ significantly according to month or season. 


CONCLUSIONS 
Parasitism caused most of the histopathologic conditions observed 
in fish taken from the stations of Transect II and Southern Bank, and was 
randomly distributed between species, stations and time of year. Aside 
from the parasitism, the fish sampled appeared to be in good health and 
free from lesions that could be attributed to other etiological agents. 
Monitoring studies should be much enhanced, since other types of lesions 


can be readily contrasted with this baseline information. 
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ABSTRACT 


A histopathological study of epifaunal invertebrates was carried out 
on animals collected at Stations 1, 2 and 3, Transect II each month of 1977 
except for January, May and September. A total of 2265 organs were used 
from 453 specimens. Crustaceans were the most common specimens obtained. 
There were 6 species of shrimp totaling 214 specimens, 5 species of crabs 
totaling 129 specimens and 2 species of stomatopods totaling 26 specimens. 
Molluscs collected consisted of 3 species of bivalves totaling 55 specimens 
and 1 species of squid totaling 29 specimens. 


The total number of pathologies in the gills almost equaled that in 
internal organs. Shrimp had the highest percent and variety of symbionts 
‘in the gills, most of which were parasitic ciliates. The total percent of 
other types of pathological conditions in the gills was higher than the 
total percent of symbionts. Crabs had by far the largest number of such 
conditions and molluscs had very few gill pathologies of any kind. 

Internal organs, as opposed to the gills, had a much higher total 
percent of symbionts than other types of pathologies. Crabs were the 
exception, with less symbionts than other pathologies. Bivalves had many 
more symbionts in their internal organs than other animals. 


All pathological conditions other than symbionts in the gills and 
internal organs could have been caused by parasites, bacteria, viruses or 
injuries. Most of these conditions in the internal organs, however, 
appeared to be related to the host's reaction to parasites. The largest 
percent of all pathologies in the internal organs were found in the gastro- 
intestinal tract of the animals studied. 
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INTRODUCTION 


The purpose of this study was the continuation of the development of 
a data base of histopathologies of invertebrate epifauna of the South Texas 
Outer Continental Shelf (STOCS). Such a study is necessary for environmen- 
tal monitoring purposes, as such surveys have not been performed previously. 
It is also a very useful study to the general scientific community, as 
knowledge of the normal histology as well as histopathology of these animals 
a6 meager (Couch e¢ al., 1974). 

Most reports of histopathological conditions in the literature con- 
cerned commercial species (Cheng, 1967; Sparks, 1972). Only two such 
species, Penaeus aztecus and P. settferus (the brown and white shrimp, 
respectively), were collected as part of this study. Many of the patholo- 
gical conditions found in this study had not been reported in the litera- 
ture for either the animals studied or for closely related animals (John- 
son, 1968). The majority of the pathological conditions were due to para- 
sites, particularly nematodes, cestodes and trematodes. These could not 
be specifically identified from sectioned material, but had to be obtained 
whole from their hosts by dissection. The only parasitological survey of 
Gulf invertebrates found in the literature was on shrimp by Hutton et al., 
(1959), and only dissection, no sectioning, was used for identifying the 
parasites. In almost all reports concerning parasites in the literature, 
the parasites were identified to at least the genus level. Since no para- 
sitology was conducted in the STOCS study, the identification beyond gen- 
eral classification of the majority of the symbionts found in the animals 
used in this study was impossible. In a few cases, t.e. Nematopsts sps. 
and Pseudoklossta sps., comparison of the morphology of the parasite, its 


histopathological effects on the host and its presence in closely related 
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host species, resulted in identification at least to the genus level. 

The etiologies of various hyperplastic conditions observed in this 
study are unknown. Such pathologies may be caused by viruses (Rosenfield, 
1976), which can only be diagnosed with the use of live material or elec- 
tron microscopy; bacterial diseases, which can only be identified from 
living material; or protozoans and fungi, which also require living mate- 
rial for identification. 

This report shows the general types of pathological conditions found 
in several different kinds of marine invertebrates of the region studied. 
Differences between the various pathological conditions in the different 
types of animals, t.e., shrimp and crabs, are presented as well as dif- 
ferences between the different species of each type, t.e. the two shrimp 
Penaeus aztecus and Trachypenaeus similis. Some pathological conditions 
were shown to differ with change in seasons and some were found only at 


certain depths of the Gulf. 


MATERIALS AND METHODS 

Collections were made at Stations 1, 2° and’ 3, "“Transett Il each 
month in 1977 except for January, May and September. A 35-ft CLO. 7 
otter trawl was used with trawl times generally of 30 minutes. Trawling 
efforts were generally performed until sufficient specimens were obtained, 
and ranged from one to six efforts per station. Collections were made 
between sunset and sunrise. The two instances when insufficient numbers 
of specimens were obtained, collections were performed during daylight 
(Station 3, April 18 and Station Ly uy 299% 

Three species per station, five Specimens per species, and five 
Organs per specimen were required by BLM for the study. Extra specimens 
and species were obtained when possible to provide supplemental material 


if needed. A total of 405 specimens and 2025 organs were required for 
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study while 453 specimens and 2265 organs were actually examined. BLM 
suggested that the brown shrimp, Penaeus aztecus, a bivalve, and any 


other species be used. P. agtecus was collected at least once every 

















cruise, but bivalves were not available in February or October and only 
one specimen was collected in November (Table 20.1). An attempt was made 
to collect the same species studied in 1976, but this was not always 


possible. A total of 17 species was collected, some of which were extra 





species and others only obtained one time. 


' 


Animals were removed from the otter trawl net and sorted immediately. 
Usable specimens were placed in a tank with running sea water. One spe- 
cimen at a time was brought into the dissecting area and measured, sexed 
(if possible) and various organs dissected out, if the animal was large 


enough. If the animal was too small to dissect properly, it was opened 





up to allow penetration of the fixative as discussed below. Shrimp abdo- 
men were severed from the cephalothorax, a smaii central dorsal portion 
of the carapace of the cephalothorax removed, and the front of the head 
just behind the eyes cut off. Stomatopod abdomens were severed from the 
cephalothorax, sharp edges of abdominal segments as well as thoracic 
appendages were cut off and the front of the heads were removed just 
behind the eyes. Crab legs were removed and the carapace opened dorsally 
from the posterior end, leaving the anterior end attached. A cut was 
also made into the muscle mass just anterior to the fourth leg. Bivalves 


. were carefully shucked. Squid mantles were cut along the ventral mid- 





line and the animal spread open. Organs not dissected on board ship were 
dissected with the aid of a dissecting microscope after returning to the 
laboratory when there was sufficient time to be careful. Small organs 


: 
were easier to dissect after they had been fixed, as less damage occurred 
to fixative-hardened tissues than to soft, fresh ones. Bivalves, no matter 





Species 


Penaeus aztecus 
Penaeus setiferua 
Trachypenaeus similis 
Steyonta dowblis 
Steyonta etimpsoni 
Solenacera vioscat 
Squtlla chydaea 
Squtlla empusa 
Callineetes similts 
Portunus spintcarpus 
Portwis gtbbestt 
Anastrus latus 
Mropsta guingquesptnosa 
Arustum papyraceus 
Pecten gtbbus 


Neovyenodonta cochlear 





Loltgo pealtet 


Total 





: 


Feb. 


Winter 


ret 


21 116 | 16 






NUMBER OF SPECIMENS 


TABLE 20.1 


STUDIED IN MONTHS, SEASONS AND STATIONS 


_OCCURRENCE 








March April 
Spring Spring 





June July Aug. 
Summer Summer Summer 
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what their size, were not dissected as they have a small coelomic cavity 
and most of their organs could not be dissected out without destroying 
the surrounding ones. 

Different organs were studied in different types of animals as shown 
in Table 20.2. Since the organs of bivalves were not dissected out, sec- 
tions were made in the areas of the desired organs. 

Dissected organs as well as parts of or whole animals were placed 
in appropriate size tissue capsules, wrapped in cheese cloth or placed in 
perforated plastic bags with a label and immersed in Zenker's fixative 
for 12 to 24 hours. Then they were placed in 704 ethyl alcohol, in which 
they could remain indefinitely. At this time dissection was completed. 
Further dehydration, clearing and infiltration with paraffin were completed 
in an automatic tissue processor. Final paraffin embedding was done by 
hand. 

Sections were cut at 6 um, mounted on cleaned labeled slides and 
allowed. to. dry, at,35°C for, about 24 hourss),. If ‘thesections, were small 
enough six serial sections were mounted per slide, or six serial sec- 
tions were mounted on the necessary number of slides. Each organ was 
stained with two different stains, two slides of each, or 12 sections 
per stain, making a total of four slides or 24 sections. Different 
stains were used for different tissues as follows: gills were stained 
with Chlorazol Black E and Alcian Blue-PAS; muscles were stained with 
Chlorazol Black E and Masson's Trichrome; all other tissues were stained 
with Alcian Blue-PAS and Masson's Trichrome. The Alcian Blue-PAS and 
Chlorazol Black E stains were performed by hand and the Masson's Trichrome 
stain was carried out in an automatic tissue stainer. Slides were cover 
slipped with "Permount" mounting media. Slides were read with the aid 


of a Leitz Ortholux microscope. 


Shrimp 
Stomatopods 
Crabs 

Squid 


Bivalves 


Gill 


ORGANS USED FOR HISTOPATHOLOGY OF INVERTEBRATES 


Digestive 
Organ 


Intestine 


TABLES 2052 


Muscle 


x 


Kidney 


Stomach 


Heart 


Caecum 


8-02 
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Occasionally a tissue block would need to be recut. This occurred 
for example, when hard material was in the intestinal contents and caused 
the tissue section to shatter upon sectioning. Another example was an 
insufficient amount of a particular organ in a section, particularly 
in bivalve tissue blocks where the organs were not dissected and further 
sectioning deeper into the block provided sufficient material for exami- 
nation. The total number of recuts was 262. The total number of slides 
studied was 9322. 

A total of 15 organs was lost (9 intestines, 5 hearts, and 1 diges- 
tive gland). In all cases the tissue present was not the proper organ. 
Intestines of shrimp were very small and were usually left attached to 
muscle and/or gonadal tissue when dissected. During preparation of the 
tissue the intestines probably became detached and were lost. Crab hearts 
were very thin and fragile and were occasionally destroyed when opening 
the animal. The hearts may have partially adhered to the epidermis 
underlying the dorsal carapace. All of these blocks were recut several 
times in an attempt to find the wanted tissue. 

Dr. John G. Mackin served as a consultant to aid in identitying 
parasites and other types of pathologies. Several pathological condi- 
tions of the paper shell scallop, Amustwn papyraceus, were unknown to 
Dr. Mackin and nothing concerning them was available in the literature. 
An expert in molluscan pathology, Dr. Thomas C. Cheng, offered to identify 
these conditions. Slides containing these pathologies were sent to him 


in July, 1977, but he has been too busy to aid us as of this writing. 


RESULTS AND DISCUSSION 


General 


Parasitic symbionts were responsible for most of the pathological 
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conditions observed in this study. Non-parasitic symbionts, found pre- 
dominantely in the gills of decapods, generally were not pathological 
unless present in excessively high numbers. In such cases, blockage of 
normal function or mechanical damage may have resulted. Normally, path- 
ological conditions caused by symbionts were obvious, but if the sec- 
tioned tissue did not contain the central portion of a lesion, such path- 
ological conditions had to be described as having an unknown etiology. 
Viral diseases could not be identified in this study and were also class- 
ified as etiology unknown. There may have been more than one etiology 
for each type of pathological condition described in the same or different 
species, 

The results are given in Tables 20.3 through 20.15. Results are 
given as percentages because the number of animals studied of each 
species was not the same. The percentages were obtained by dividing the 
number of animals of a given species with a particular pathological con- 
dition by the total number of animals of that species studied. Percent- 
ages higher than 100 indicate the pathological condition occurred in more 
than one organ. Each type of pathological condition was only counted 
once for a given organ. This was necessary as certain symbionts, such 
as nematodes, are long and sinuous, and could pass in and out of the plane 
of section several times without the observer being able to identify the 
true number of nematodes present. Therefore, animals were identically 
recorded as having a particular condition, whether one or many such con- 
ditions were present in any one organ. Tables of original data are 
presented in Appendix S. 

Symbionts, other pathological conditions, organs and locations of 
conditions in the gills were listed by number ta conserve space in the 


tables herein and in Appendix S. These numbers are decoded in the two 




















Key to Table Codes 
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Bins 


150 


201 . 


202 


203 


204 


205 


209 


ORGANS 
GONAD 
HEART 
HEPATOPANCREAS 
INC SAC 
INTESTINE 
KIDNEY 
LIVER 
MUSCLE 
OVARY 
STOMACH 
CAECUM 
BRAIN GANGLION 
MANTLE 
SALIVARY GLAND 


PANCREAS 


LOCATIONS 
IN GILL CHAMBER 
IN GILL FILAMENT 
BETWEEN GILL FILAMENTS 


BRANCHIAL SINUS 


INVOLVING FILAMENTS AND 


BRANCHIAL SINUS 


EPITHELIUM 
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Bye 


324 


SYMBIONTS 


ALGAE 

CESTODE LARVA 
COPEPOD 

DEGENERATE PARASITE 
ECTOCOMMENSAL 

FUNGI 

GREGARINE 
LABRYINTHYLID 
MYXOSPORIDIAN CYST 
NEMATODE 

NEMERTEAN 
PSEUDOKLOSSIA SP. 
PROTOZOA 

AMUSIUM HP BACTERIA 
SPORAZOAN 

SMALL CILIATE 
STALKED CILIATE 


OTHER CILIATE 


TREMATODE LARVA 


SYNOPHRYA SP. 


SUCTORIA 


COELENTERATE 


NEMATOPSIS SP. 


UNKNOWN EGGS ATTACHED TO GILL 


TISSUE 
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SYMBIONTS (cont .id) 411 DEFORMED FILAMENT 


Je HELMINTHS 

PATHOLOGIES OTHER THAN SYMBIONTS 
Dad. UNKNOWN DIGESTIVE GLAND 

501 ARTRETIC EGGS 

DISEASE (GREEN DISEASE) 

at SWOLLEN SARCOLEMMA 
320 DORVILLID POLYCHAETE 

503 HYPERPLASIA —- ABNORMAL CELLS 
329 FLATWORM 

504 HYPERPLASIA -— NORMAL CELLS 
eis19, ANNELID 

505 GRAM NEGATIVE BACTERIA 
34 BARNACLE 
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302 PINNOTHERIDAE (PEA CRAB) 
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GILL PATHOLOGIES OTHER THAN SYMBIONTS Brecy St 

401 EXCESS CELLULARITY & ATROPHY 541 LEUCOCYTIC INFILTRATION 
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403... To= SHAPED 542 LEUCOCYTIC INFILTRATION 

404  Y — SHAPED BY PARASITE 
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407 SWOLLEN FILAMENTS 550 GENERAL LEUCOCYTIC INFILTRATION 
408 THICKENED CUTICLE 551  HYALINIZATION 


410 DISEASE CONDITION -— GLANDS 


STAIN PAS POSITIVE 
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Species 


Penaeus aztecus 
Penaeus setiferus 
Trachyjpenieue similis 
Steyonta dorsalts 
Steyonta stimpsont 
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Squilla chydaea 
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Species 
Penaeus aztecus 
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Trachypenaeus similis 
Sieyonta dorsalis 
Steyonta stimpsont 
Solenocera vtoscat 
| Squtlla chydaea 


SqutLla empusa 


PERCENT OF SHRIMP WITH SYMBIONTS 


— 
ios oa 


ns = 
Wo 


TABLE 20.5 


| 


we 
ee 
as Beat rad ed 


ja 


| Wo 


| 
| 


IN INTERNAL ORGANS 


S42 





SYMBIONT 








Behe 
aS 
Teese 


Gelert bailraueas muetsur'cy 


Fa a a ae 


a 


ae 


398 


Oo 


ST-GZ 


TABLE 20.6 


PERCENT OF SHRIMP WITH PATHOLOGIES OTHER THAN SYMBIONTS IN INTERNAL ORGANS 
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PERCENT OR CRABS WITH GILL PATHOLOGIES OTHER THAN SYMBIONTS 
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TABLE 20.10 
PERCENT OF CRABS WITH PATHOLOGIES OTHER THAN SYMBIONTS IN INTERNAL ORGANS 
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PERCENT OF MOLLUSCS WITHSYMBIONTS IN INTERNAL ORGANS 
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Species 
Neopyenodonta cochlear 


Amustum papyraceus 
Pecten gtbbus 
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PERCENT OF MOLLUSCS WITH PATHOLOGIES OTHER THAN SYMBIONTS IN INTERNAL ORGANS 


20-24 


| Ee pee 
tous ase am Es 
Bsus Ba FE y's SEE SEE 


Sasa cones alba eS iY a 


PATHOLOGY 
Oo 
“ 
wy 


“ig oes | cme 
ES 


Ss a ad tain ain ww eS 
Se ae lle ao 
Siac Se as se no es aeaime ses ios 
el a a | 


Amustum papyraceus 
Peeten gtbbus 
Neopyenodonta cochlear 
Loligo peatet 


TABLE 20.15 


PERCENT OF ALL PATHOLOGICAL CONDITIONS 


Gills 





No. of Other 


Internal Organs 


Other 


Specimens | Symbionts | Pathologies | Total Symbionts | Pathologies 








Shrimp 124 145 269 111 


Stomatopods 26 a. 19 

eZ 
Bivalves 376 
Total 453 284 649 











Total 


Total 
Pathologies 


455 
107 
440 
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pages preceding the tables. Clarification of certain ee used follows. 
"In gill chambers" refers only to the location of the dorvillid poly- 
chaete frequently found living in the gill chamber of the spider Cran, 
Anastmus latus. The adult polychaete is too large to go between gill 
filaments but may wander between the separate gills. "Between gill fila- 
ments'' generally indicated the location of a non-parasitic symbiont. 
Under symbionts, the "algae" found only on the gills of Anastmus Latus , 
may be an unknown protozoan or alga. "Degenerate parasite" refers to a 
parasite that has been attacked by the host's leucocytes. Identification 
was made at an early stage of defense by the host when the parasite could 
still be identified as such in the lesion. "Ectocommensal" indicates an 
unknown apparently non-parasitic symbiont as compared to known non-para- 
Sitic symbionts such as the coelenterates found among some crab gills. 
“émustum HP bacteria" refers to a specific bacterial disease of the hep- 
atopancreas (HP) of the paper shell scallop, Amustwmn papyraceus. "Small 
ciliate”, "stalked ciliate" and’ "other ¢iliate™ ihdiéave the Pures types 
of ciliates observed in sections of shrimp gills and are discussed under 
shrimp, below. "Helminths" indicates parasitic worms that could not be 
further classified as trematodes, cestodes, etc., when not enough of the 
parasite was present in the sections or it was a very young larval stage, 
difficult to identify. "Amustwn halo cell" indicates an unknown disease 
in the paper shell scallop which may be caused by a protozoan and is 
discussed in detail below. "Unknown" refers to a symbiont, usually para- 
sitic, which was not present in the sectioned tissue in sufficient amount 
to identify it. Under pathological conditions other than symbionts 
"other bacteria" refers to bacteria not tested with the Gram stain. 
"Cyst-unknown" indicates a lesion which was the result of the defensive 


reaction of the host against a parasite, bacteria, virus or perhaps mech- 
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anical damage. If the reaction by the host had progressed to the extent 

of destroying the invading organism, one could not distinguish between the 
possible etiologies. ''Leucocytic infiltration", either general or specific 
indicates a reaction by the host to the invading organism. 

When a pathological condition was recorded in an internal organ. the 
condition may have been in the outer or inner connective. tissue, around 
blood vessels, nerves or ducts in the organ as well as in the parenchyma 
of the organ itself. Locations of conditions in the gills were listed 
rather than combined, as the locations were considered more important. 

If a pathological condition was found in the gill filaments the affected 
area was localized compared to its presence in the branchial sinus which 
may have become blocked and therefore, affected the entire distal portion 
of the gill. Locations in the gill were also differentiated between 
symbionts attached to or actually in the gill and those merely caught 
between the. gill filaments but Living freely. Since gill symbionts 

and other pathological conditions are generally different from those in 
the internal organs, they were treated separately in this report. 

Stomatopods were included with shrimp in most of the tables in this 


report and in Appendix S. 


Shrimp 


Shrimp were the most common animals collected (47%). They were caught 
at every station and during every month collections were made (Table 20.1). 
Penaeus aztecus, the brown shrimp, was collected most frequently (89 
animals). It was found at every station and caught at least once every 
month. Trachypenaeus stmtlts, the rough-back shrimp was the next most 
common (44 animals) and found at all stations and collection periods 


with the exception of two months. Stcyonta dorsaits, the rock shrimp, 
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was only found at Station 2 and Penaeus setiferus, the white shrimp, 

only at Station 1. Solenocera vioscat, the broken-back shrimp, was 

only collected during three periods and only at Stations 2 and 3. Steyo- 
nta stimpsont, a rock shrimp, was collected and used once, thinking at 


first it was S. dorsalis which it closely resembles. 


Gills 

Shrimp had the highest percent of gill symbionts, most of which were 
ciliates (Table 20.3). Three kinds of ciliates were found. A small 
ciliate, which was believed to be an apostome ciliate of the genus Syno- 
phyra, was the most common. 

This ciliate has a complicated life cycle (Chatton and Lwoff, 1935) 
and has been known to infect some of the decapods used in this study 
(Johnson and Bradbury, 1976). Briefly, the life cycle of this apostome 
is as follows. The free-swimming Stage enters a decapod's gill and 
grows. into a relatively large organism. During this growth, the gill 
tissue around the ciliate becomes swollen, fills with excess cells and 
contains areas of necrosis and atrophy. Then the ciliate divides into 
many daughter cells. These are released into the surrounding water, 
through a break in the atrophied gill tissue, as the free-swimming stage. 
The stages of infection by this ciliate that have been identified in the 
shrimp used in this study were when the ciliate had enlarged within the 
damaged gill and the early stages of division into daughter cells. 

When the ciliate is in the free-swimming stage the only way to positively 
identify it is to cause infection by a laboratory test. It is impos- 
sible to identify when in early stages of infection or if only the edges 
of a lesion are seen in the sectioned tissue because other pathological 


conditions or even mechanical damage could possibly cause the same reac- 
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tions in the gill (Ernst and Neff, 1978). 

This small ciliate was found among the gills of all shrimp studied 
and was the most common symbiont with a positively identified stage of 
Synophrya sps. the next most common. It was found in all shrimp except 
S, stimpsont (only six animals collected). Lesions which possibly could 
be caused by this organism were found in all shrimp and were the most 
common pathological condition (excess cellularity and atrophy). 

Unknown cysts were the next most common lesion in shrimp gills, and 
some of these may also have been caused by Synophyra sps. The small cil- 
iate, which may be the freely swimming stage of Synophyra was most common 
in the spring months while the late infection stage, where the organism 
could be identified as Synophyra sps., was most common in the summer, The 
unidentified lesions of excess cellularity and atrophy, most of which were 
probably due to Synophyra sps., were also most common in the summer. 

The other two ciliates found among shrimp gills were a stalked species 
of the order Peritricha, and an unknown ciliate which resembled that seen 
infecting astomatopod in 1976. The stalked ciliate was common in S. dor- 
Salts (45%) and was seen in the gills of one P. settferus. It attached 
to the thin cuticle of the gill filaments but did not appear to cause any 
damage other than a very slight thickening of the cuticle. The unknown 
ciliate was found only among the gills of one P. settferus. 

Nematodes were found in the branchial sinuses of P. settferus and 
S. dorsalts and between and in the gill filaments of S. dorsalts. Tre- 
matode larvae were also found in the gills of shrimp (P. settferus and 
P. aztecus). 

Other parasitic symbionts were rare and included labryinthylids, a 
suctorian and Wematopsts sps. Those symbionts that apparently were non- 


parasitic were also rare, and included a copepod, a coelenterate, larval 
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crabs and unknowns. The larval crabs and possibly all the others may 
have simply been swept into the gill chamber by the movement of the water 
by chance, and do not normally inhabit shrimp gills. 

S. dorsalis had the highest percentage (216%) of total gill symbionts 
and P. aztecus the lowest (85%). However, P. aztecus had the largest 
variety of gill symbionts (six). The greatest percentage of all symbionts 
was found at Station 2 in the summer and the least at Station 3 in the 
winter, 

The two major pathological conditions other than symbionts (excess 
cellularity and atrophy, and cysts from unknown causes) have been dis- 
cussed in relation to the parasitic ciliate, Synophyra sps. Other path- 
ological conditions (Table 20.4) included swollen filaments which occurred 
in every specimen of S. dorsalts and S$. stimpsont. One specimen each of 
P. aatecus and P, settferus also had this abnormality. This may have been 
due to some pathological condition, particularly in the penaeid shrimp. 
Since it occurred in every specimen of the genus Steyonta, although only 
a portion of the filaments in each gill were affected, it would appear 
more likely that this reflected a physiological condition rather than a 
pathological one, and was manifest by the action of the fixative on the 
gill tissues. 

Normally, the mucous glands in the shrimp gills stained with Alcian 
Blue, indicative of a sulphated acid mucopolysaccharide. In a few P. 
aztecus and T, stmtlts, however, these glands stained only with PAS, 
suggesting loss of the sulfur and acid moieties. This may have been due 
to a metabolic disorder caused by chemical poisoning of the enzyme systems ~ 
involved. 

The few cases of hyperplasia found in the gills had unknown etiolo- 


gies. The remaining types of conditions, 2.2. thickened cuticles and 
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swollen areas of branchial sinuses, also had unknown etiologies and 
could have been caused by mechanical damage as well as disease. 

S. dorsalts also had the most pathological conditions other than 
symbionts (223%) and S. vtoseat the least (64%). In addition, S. dor- 
salts had the largest variety (seven). The greatest percent of patholo- 
gical conditions was found at Station 2 in the fall and the least at 


Station 3 in the spring. 


Internal Organs 


Nematodes were the most common symbiont in the internal organs of 
shrimp (58%)(Tablé 20.5),. Eighty-four percent (84%) of the shrimp caught 
Station 2 had nematodes and 96% of those caught in the summer had these 
parasites. Nematodes were found mostly in the stomach (39%) and the 
hepatopancreas (36%). Cestode larvae were found in 21% of the shrimp 
ines were in 15% 

S. dorsalts had the highest percent of symbionts (181%), most of 
which were nematodes. One specimen also contained gregarines in the 
intestine and eight had degenerate parasites, probably all nematodes, 

P. aztecus also averaged more than one symbiont per shrimp (1472), 
including nematodes (87%), gregarines (28%) and cestode larvae (21%). 
Degenerate parasites, trematode larvae and an unknown symbiont were also 
found. S. stimpsont also averaged more than one symbiont per specimen 
(117%) even though only six specimens were studied. The symbionts were 
flatworms and gregarines in the intestines and nematodes in the hepato- 
pancreas, stomach and gonad. P. setiferus, T. stmilts and S. vtoscat 
all averaged less than one symbiont per specimen. They had the same 


symbionts mentioned above plus a sporozoan found in the gonad of one 


S. vtosceat. 
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Pathological conditions other than parasites in shrimp internal organs 
were generally derived from infections by parasites (Table 20.6). Cysts of 
unknown origin were the most common type of condition observed (24%). These 
could have been caused by parasites that were successfully attacked by the 
host or by bacteria, viruses or even injuries. Cysts that contained degen- 
erating parasites and leucocytic infiltration of the tissues around live 
and degenerating parasites, cysts, and in non-specific areas of the organs, 
were generally all concerned with the host's defense against foreign pro- 
tein, probably that of parasites. Most of these pathological conditions 
were found in the hepatopancreas (48%) and the stomach (28%), both of which 
had the largest percent of parasites. 

P, settferus had the largest percent of pathologies (175%), most of 
which were related to the reaction of the host to invaders. Most of the 
pathological conditions were found in the fall in P. settferus, yet most 
of the parasites were found in the winter in this species. For S. dorsalts, 
the species with the next highest percent of pathological conditions (1454), 
the spring season showed the highest concentration of both parasites and 
pathological conditions related to parasites. In P. aztecus, the heaviest 
concentration of parasites and pathological conditions related to parasitic 
infection were both in the summer, and both were also consistent in being 
lowest at Station 2. The remaining shrimp had few pathological conditions 
and few parasites. Pathological conditions not obviously related to para- 
sitism included atretic eggs, which were found in all Sony except those 
in the genus Steyonta, and hyperplasia found in the hepatopancreas of P, 


aztecus and P. settferus, and the stomach of P, aztecus. 


Stomatopods 


The stomatopods used were the mantis shrimp Squilla chydaea and S. 


empusa. They were not found during the warm months of the year and usually 
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were collected at Station 1 (Table 20.1). 


The gills of stomatpods had very few pathological conditions of any 
sort as compared to the shrimp (Tables 20.3, 20.4). Only one-fourth of the 
S. echydaea and half of the S. empusa had small ciliates in the water around 
their gills. No stages of infection where Synophyra sps. could be identified 
were found, so these small ciliates may have been among the stomatopod gills 
by chance and not capable of completing their life cycles there. Only one 
specimen of S. empusa had the unknown ciliate among its gill filaments 
which was seen to infect specimens of S. chydaea in the previous year. A 
suctorian, infecting the gills of one S. chydaea, was the only other sym- 
biont observed in the stomatopod gills. Cysts from unknown causes and areas 
of excess cellularity and atrophy were the only other pathological conditions 


and may have been caused by mechanical damage as well as from disease, 


Internal Organs 


No symbionts (Table 20.5) or other pathological conditions (Table 2050) 
were found in the internal organs of S. empusa. S. chydaea only had two 
trematode larvae and one unknown in the stomach and two cestode larvae in 
the large nerves by the brain ganglion. One specimen had a bacterial 


infection in the salivary gland. 


Crabs 

A total of 129 crabs was used in this study. They were collected 
every month and at every station (Table 20.1), Callinectes stmilts, the 
lesser blue crab, was collected most often (52 animals), It was found 
at every station (Station 3 only in February) and every season except 
spring. Portunus spintcarpus , the spiny crab, was routinely collected at 


Station 3 and also at Station 2 in April. Portunus gtbbestzt was only 
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collected during three months and only at Station 1 while Anastmus latus, 
the spider crab, was found only at Station 3 during all periods except 

winter. Only one specimen of Myropsts qutnquesptnosa was collected, It 
was taken in April at Station 3. Several other trawling attempts did not 


produce any usable species. 


Gills 


Crabs had relatively few symbionts (Table 20.7) but did have, by far, 
the largest percentage of other types of pathological conditions (Table 
20.8) in their gills. The most common symbiont was the parasitic Synophyra 
sps. (122) and it was found most often at Station 2 in the fall. However; 
the small ciliate that was believed to be the free-swimming stage in the 
life cycle of this ciliate was found in. only one specimen of P. gtbbestz. 


Synophyra sps. was not found in P, spintearpus or M, quinquesptnosa. 


The only other parasitic symbionts were a labyrinthylid in the gills 
of one specimen of A. latus, barnacles attached to the gill of C. stmtlts 
and P. spintcarpus and an unidentified Breanish, Gieres an alga or protozoan, 
attached to the gills of one specimen of A. lZatus in the spring. The bar- 
nacles, probably Octolasmts sps. or Lepas sps. (Walker, 1974), caused only 
a local thickening of the gill cuticle and slight deformation of the gill 
filament at their attachment sites. Their main pathological effect would | 
be a decrease in respiratory efficiency by impairing gill movements and 
reducing the amount of exposed gill. The unknown organism attached to the 
gills of A. latus caused cuticular thickening, swelling of gill filaments 
and necrotic areas in the gill epithelium associated with a leucocytosis. 
This form was also seen in these crabs in 1976. The labryinthlid caused 


hyperplasia and swelling of the host's gill. All other gill symbionts 
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appeared _ be non-parasitic but could have caused loss of respiratory func- 
tion if they occurred in large numbers. Mevthanical damage to the gill fila- 
ments could have énsued from their presence if they were large enough, as 
appeared to be the case in some of the nemerteans. 

Some of the pathological conditions which had no obvious etiology 
May have been caused by Synophyra sps. When this organism was visibly 
present in the crab gill, the gill filament was swollen with excess cells, 
had necrotic areas, and was atrophied distally. Identical lesions were 
found where the section of the crab gill did not cut through the center 
of the lesion where the ciliate was growing. These lesions were most 
probably caused by Synophyra sps. as shown by the fact that crabs with 
Synophyra infections had about 12 times the percent of these lesions” 
as contrasted to the percent of such lesions in P. spintcarpus which was 
not found to be infected with Synophyra sps. Other unknown etiologies, 
however, could possibly have caused the same type of condition. Small 
and large aggregates of cells in the gill filaments may also have been 
early stages of infection by this parasite. Cysts, with no obvious 
etiology, may also have been caused by Synophyra or other parasites, 
bacteria, viruses or injuries. They were found in the filaments (72%), 
in the branchial sinuses (39%) and some large cysts involved both regions 
(9%). 

Crab gills showed several types of deformities which may have been 
caused from injury or disease or may have been from genetic origin. Some 
gill filaments joined into. one distally. Occasionally, the branchial sinus 
was branched and formed two complete distal portions of a gill. All of 
these deformities were easily observed as crab gills were very symmetri- 
cal in form in contrast to other crustacean gills studied which were 


highly dendritic and more difficult to observe in sectioned material. 
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Swollen filaments and/or branchial sinuses were common, particularly 
in C, stmtits (85%). As in the shrimp, this may have been due to injury, 
disease of may be a reflection of a physiological condition manifested 


by the fixative. 


Internal Organs 
Crabs had relatively few internal symbionts (22%) (Table 20.9) and 


other pathological conditions (32%) (Table 20.10). The symbionts were 
all parasitic, and again, nematodes were the most common (11%). Most of 
the parasites occurred in the hepatopancreas (41%). This correlated with 
the pathological conditions, most of which could have been the result 
of parasitic infection, as the largest number were also in the hepato- 
pancreas (51%). 

The only parasites in C. stmtlts were found in the nerves inervating 
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fibers. No evidence of any reaction by the host to these parasites was 
observed, Cysts of unknown origin, leucocytic infiltration around these 
cysts and one atretic egg were the only other nat hhaseies observed in 
this crab. In P, sptntcarpus, all parasites and pathological conditions, 
except for one atretic egg, were found in the hepatopancreas. Both P, 
gtbbestt and A. latus had very few parasites and other pathologies in 


their internal organs. 


Molluscs 

The paper shell scallop, Amustwn papyraceus, was the only bivalve 
collected from Transect II with any consistency. (Table.20:1). ‘It was not 
available in February or October, however, and only one was collected in 


November. The latter specimen and the three taken at Station 2 in April 
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were extra species (three other species were collected in sufficient 
numbers), but only one specimen was found at Station 3 in April when 
collections were made during daylight hours. One specimen of a scallop, 
Peeten gtbbus, was collected as an extra species in March at Station 2. 

This was a small specimen which measured only 2.2 cm in width and had no 
pathological conditions of any kind. A rare oyster, Neopyenodonta cochlear, 
was collected in April at Station 3 and used because no other species 

could be collected. The squid used,Loligo pealet, was collected at 


Station 1 in the summer and at Station 3 in February and April. 


Molluscs had few pathological conditions in their gills (Tables 
20.11 and 20.12) as compared to the crustaceans studied. Only one gill 
symbiont, which appeared to be unknown eggs attached to the gills, was 
found in 59% of A. papyraceus. One labrythylid occurred in 
scallops and two squid were also infected with this fungus. A sporozoan 
was found in one squid's gills and two specimens of A. papyraceus had 
Nematopsts sps. spores in their gills. 

Pathological conditions other than symbionts in molluscan gills 
included two cysts with unknown et ised ae and one instance of hyper- 
plasia in A. papyraceus. In the squid, there were two cases of bac- 
terial infection and three of hyperplasia. The hyperplasia occurred in 
the branchial gland of the squid and appeared to spread to the connec- 
tive tissue and epithelium of the gill proper. Why hyperplasia would 
develop in a gland which presumably synthesizes hemocyanin is unknown. 
The branchial gland has been shown to be the site of hemocyanin synthesis 


in Septa officinalis and Octopus vulgarts (Dilly and Messenger, 1972). 
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Internal Organs 


Molluscs had the largest percentage (288%) of symbionts in internal 
organs (Table 20.13). Most of these were in A. papyraceus, which averaged 
over four symbionts per specimen (412%). This bivalve also had the great- 
est variety of symbionts (15), most of which occurred in the gastro-intes- 
tinal tract. The most common symbionts in scallops were copepods (63%). 

A protozoan, believed to be Pseudoklossta sps. (Leger and Duboscq, 1915; 
1917), was present in 94% of the scallops collected at Station 2. This 
parasite invaded the nephridial cells of the host where they appeared to 
undergo degeneration. Certain other parasites also occurred only at 
Station 3 in A. papyraceus. These included nematodes (39%), spores of 
Nematopsts sps. (18%), an unknown bacterial species that infected the 
epithelium of the hepatopancreas (22%), and an unknown organism, probably 
a protozoan, which invaded the heart muscle cells and the connective 
tissue throughout the animal (27%). This organism appeared to have a 
halo around it due to the fixative and stains used. When in the connec- 
tive tissue, but not the heart, the host occasionally appeared to react 
to these cells, causing their degeneration. The oyster, N. cochlear only 
had copepods in the stomach and intestines and no other pathologies. 

All of the symbionts in the squid internal organs were parasitic. 
Eighty-three (83) percent of the squid had cestode larvae, 28% had hel- 
minths either too young or insufficient in sample quantity to identify, 
and 10% had trematodes. Most of these parasites occurred in the animals 
collected in the summer at Station 1. They were found in the gastro- 
intestinal tract, including the so-called pancreas. 

This organ has never been definitely shown to produce digestive 
enzymes, as contamination of fluid from the liver is almost impossible 


to avoid due to the pancreas being a glandular extension of the hepatic 
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duct (Bidder, 1950; 1966). The morphology of the glandular cells also 
does not conform to that of a protein secreting cell but rather to a 

cell involved in ionic regulation with its highly infolded basal membrane 
and high concentration, of mitochondria (Boucaud-Camou, 1972). The organ 
is covered with a layer of kidney cells, and since the only description 
that could be found of squid renal organs was of Septa offictnalte, 

which has accessory renal organs as well as a chief renal organ, the 
"pancreas' of L. pealet in this study originally was considered an acces- 
sory renal organ due to its morphology and staining characteristics. The 
function of the squid "pancreas" is still unknown. 

Most of the pathological conditions other than symbionts in molluscs 
(Table 20.4) were cysts of unknown origin (32%). These and other patho- 
logies could have been the effect of the parasites on the host. 

The greatest percent (145%) of pathological conditions other than 
Symbionts occurred in scallops collected at Station 3, where these animals 
had the largest percentage of parasites (584%). The majority of these 
conditions were also found in the gastrointestinal tract as were the 
parasites. Sixteen (16) percent of the scallops showed cystic reactions to 
parasites which was rarely observed among other animals in this study. 

The only pathologies other than parasites in LZ. pealet were two animals 


with a cystic reaction to a parasite. 


CONCLUSIONS 
Shrimp were the most common species of animals collected for this 
study and consisted of six species, Fewer shrimp were collected per 
month in the summer and slightly more in the fall as compared to the 
other seasons. They were found most often at Station 2 and least often 


at Station 3. Stomatopods were only collected in three months and mostly 


. 
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at Station 1, never at Station 2. Crabs were the next most common speosee 
collected and consisted of five species. They averaged about the same 
number of specimens every season (16 per month) except during spring when 
lower numbers were observed, and were found most often at Station 3. Three 
species of bivalves were collected, but only one, Amustwm papyraceus, was 
collected in sufficient numbers (49) to be useful. This species was found 
most often in the summer, least often in the fall, most often at Station 3 
and never at Station 1, The only squid studied was Loltgo pealet, and 

it was collected most often in the summer at Station l. 

The total number of all pathological conditions in the gills almost 
equaled that in all of the internal organs. Shrimp had the largest vari- 
ety and the highest percent of gill symbionts, most of which were para- 
Sitic ciliates. These were the only animals to have metazoan parasites 
inside their gill tissues (trematode larvae and nematodes). Crabs also 
nad many different kinds of gill symbionts, but most were ectocommensal 
or did little harm to the gills, such as barnacles, and the total number 
of crabs with symbionts was low. Crabs had the greatest percentage of 
pathological conditions other than ‘symbionts, however. Most of these 
had unknown etiologies and could have been caused by parasites, bacteria, 
viruses or injuries. The remaining animals had very few symbionts and 
other pathological conditions in their gills, both in kind and number. 

Even though stomatopod gills are the least protected of any of the 
animals studied, they displayed surprisingly few symbionts or other 
pathological conditions. Bivalve gills have cilia and a great many 
mucous glands which help protect them. In squid, the force of the water 
passing through the mantle may help in preventing symbionts from settling 
in the gills. 


The large majority of pathological conditions in the internal organs 
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of the invertebrates studied were caused by parasites. They most commonly 
invaded the gastrointestinal tract. The host frequently reacted against 
these parasites by mobilizing their defensive cells, the leucocytes, and 
walling off the parasite by forming layers of connective tissue around 
the invader. The leucocytes then attempted to destroy the parasite with 
proteolytic enzymes and quite often were successful. Bivalves had the 
highest number and largest variety of internal parasites, particularly 
the paper shell scallop which averaged almost six parasites per specimen 
in those collected at Station 3. Squid had the next highest percentage 
of internal parasites but very few reactions against them, while shrimp, 
which had almost the same percentage of parasites, had over 10 times as 
many reactions to the invaders. 

Generalities can be made about the various groups of animals, such 
as shrimp or crabs, but there were many large differences between species 
within each group. For example, all of the shrimp had a higher percentage 
of symbionts than other pathological conditions in their internal organs 
except Penaeus settferus, which had over two times as many pathological 
conditions as symbionts. This species had 35 times as many of these 
pathological conditions in its internal organs as Trachypenaeus simtilts. 
The species with the lowest percentage of all types of pathologies in 
the internal organs, 7. stmtlts, had a relatively high percentage of 
all conditions in the gills. 

Differences among species also occurred among the crabs. Amastmus 
latus was the only crab with a larger percentage of symbionts in its 
internal organs than other types of pathological conditions which was 
similar to conditions found in the majority of the shrimp, This crab 
was also like the shrimp in that the percentage of symbionts in the 


gills was approximately the same as the average percentage in shrimp but 
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was over three times the amount found in other crabs, 

In general, bivalves were found to have the largest percent of all 
pathological conditions due to the very high number of internal parasites 
in A. papyraceus. Shrimp had relatively high percentages of pathologies 
in all categories. Crabs had a high total percentage of pathologies due 
to the large number of pathological conditions other than symbionts in 


their gills. Stomatopods were the healthiest of all the animals. 
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ABSTRACT 


During the 1977 effort in the histological-histopathological survey of 
gonadal tissue of macroepifauna and demersal fishes of the South Texas Outer 
Continental Shelf (STOCS), tissues were collected during nine sampling 
efforts. Twenty-four (24) species and 878 specimens were collected. This 
included additional species and specimens that were necessary to maintain 
continuity for the reproductive cycle study and to assure proper controls. 


The purpose of this portion of the histopathological effort was three- 
fold: first, to establish the normal seasonal (physiological) changes in 
the histology of the male and female gonads; second, to examine the gonads 
for pathological conditions; and third, to develop methodology for karyo- 
logical analysis and establish karyotypes for marine organisms. Seasonal 
changes (reproductive cycle) in the histology of the gonads were only 
partially established, since the survey was conducted during five samplings 
in 1976 and nine samplings in 1977. During this period several months were 
not sampled at all due to collecting protocol, thus leaving gaps in the data. 
Also, during some samplings only one sex of some species was collected. 
Gonadal tissues were examined for pathological conditions and/or parasites, 
A number of pathological conditions were found in these tissues, but the 
incidence of pathology in the gonads was only 16.9%. Chromosomal counts 
and karyotypes were established for some invertebrates and fishes. 
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INTRODUCTION 


The histological-histopathological characterization study of the macro- 
epifauna and demersal fishes of the STOCS was initiated in the summer of 
1976 and continued through 1977. Physiological conditions and pathological 
changes and/or occurrences were monitored and catalogued. This study con- 
sisted of the survey of: 1) vertebrate and invertebrate gonads; 2) karyo- 
type analyses of vertebrate and invertebrate species. 

This report deals with the survey of histopathological conditions of 
gonadal tissue, partial reproductive cycles based on 1976 and 1977 data, 
and karyotype analysis of selected vertebrate and invertebrate species. 

The analyses of the gonad and gonadal tissues of vertebrates and inverte- 
brates aided in the understanding of the normal seasonal physiological 
changes associated with the reproductive cycle. The survey also recordedany 
pathological conditions alreading occurring in the tissues. 

If the histopathological conditions of gonads and gonadal tissues are 
to be monitored, it is important to first establish the normal reproductive 
cycle changes occurring in gonadal tissues. In contrast to other tissues, 
which are not seasonally dependent, the gonads are constantly changing 
according to the breeding season and environmental factors such as photo- 
period, temperature and/or food supply (Burns, 1976, Fuller, et apes? 19-764 
Hoar, 1969; Larson, 1972; Schwassmann, 1971). Since gonadal tissues undergo 
a complete temporal change due to external and internal factors (Andrew and 
Hickman, 1974, Bloom and Fawcett, 1975; Hoar, 1969; Sadlier, 1973), it is 
important to know what changes normally occur before attempting to assign a 
pathological condition to such changes. Each species has its own inherent 
reproductive cycle that puts it at a different phase at any given period 


(Barr, 1963a, b, c; Burns, 1976; Larson, 1972; Liley, 1969; Fuller et fies 
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1976; Macer, 1974; Schwassmann, 1971) making it difficult to generalize 
about tissue condition. An additional problem arises in the fact that 
individuals of the same species may be at different phases in the reproduc- 
tive cycle. Because the gonadal tissues are of two types, testicular and 
Ovarian, the problem of establishing normal conditions is further compounded. 
This requires the collection of additional. individuals per species to ensure 
equal (or close to equal) distribution of male and female specimens. Par- 
tial reproductive cycles are reported herein for those species that were 
collected during the majority of the cruises. The other species provided 
back-up data since it is difficult to predict which species will be avail- 
able during any given collecting effort. 

The pathologies of the ovary and testes as recorded were primarily 
limited to certain major conditions. Parasites were normally easy to iden- 


tify and their effects on the tissue and/or organ readily seen. Without 


if conditions such as interstitial cells, amorphous masses, leucocytic infil- 
tration, and fibroblast infiltrations were part of the normal cycleor path- 
ological. 

Development of methodologies for karyological analysis and the deter- 
mination of karyotypes of related species were also done as part of the 
study. The methodologies for karyological analysis have been reported in 
the 1976 Final Report to the Bureau of Land Management (Ramirez, 1978). 

The karyotypes and chromosome numbers of several species are reported here 


to provide a basis for future monitoring for chromosomal aberrations. 


MATERIALS AND METHODS 


Sampling 


Samples for histopathological analysis were taken during three seasonal 


2i~5 


and six monthly cruises. Collections were made at Stations 1, 2 and 3, 
Transect II, with a 35-foot (10.7 m) standard otter trawl set to sample 
epifauna and near surface infauna. Additionally, at Southern Bank, demer- 
sal fish were collected with a hook and line. Whenever possible, ten 
individuals of each species were collected to insure equal distribution of 
male and female specimens. 

A total of 878 specimens was: collected during the study period. 

This was in excess of the 675 specimens required by the contract. Since 
all species were not evenly distributed spatially or temporally, additional 
species were collected to insure sampling continuity from one cruise to 
another. This provided an overlap in the species that were available dur- 
ing different cruises. Since a goal of this study was to provide a cata- 
logue of seasonal changes as well as pathological conditions, continuity 
was essential. Tables 21.1 and 21.2 show the same species were not present 
he number of species sampled, some contin- 
uity was maintained. 

In this study, not only was gonadal histology investigated, but sea- 
sonal changes in male and female tissues were also evaluated. The need 
for ten specimens per species was important in attempting to obtain equal 
numbers of males and females since secondary sexual characteristics are 
not always evident. It was also important to collect, whenever possible, 


the same species every cruise. 


Shipboard Processing 


Specimens selected for sampling were processed on board ship to avoid 
any post-mortem histological changes (Galigher and Kozloff, 19/1; Gurr, 
1962; Guyer, 1953; Lillie, 1977; Pearse, 1975). This became critical for 


samples from Station 3, Transect II, because these specimens were from 


TABLE 21.1 
VERTEBRATES COLLECTED DURING 1976 AND 1977 ALONG TRANSECT IL AND SOUTHERN BANK 


1976 1977 
Jun Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Wenchman 

Pristtpomotdes aqutlonaris LOSE 5 102 10m 5 Peas! P2000 WeL0 9) Bs tay 
Longspined porgy 

Stenotomus caprtnus Some / Pag? Tey A A Free 6) aay 25 FO, nD. ae 
Sand seatrout 

Cynoseton arenartus oe 3 TO@ c1mae5 7 5D meee S. 
Atlantic croaker 

Mteropogon undulatus 5 10m. 2m 4 H L2 ay 
Gulf butterfish 

Peprilus burtt 5 10 1 
Rock sea bass 

Centroprtstis phtladelphica i on, Ome) 7 6 
Red snapper 

Lutjanus campechanus 6 2 4 Do ele Oe ae) ee ce 
Rough scad 

Trachurus lathamt 10 
Dwarf goat fish 

Upeneus parvus 5 
Black ear bass 

Serranus atrobranchus 3 
Pinfish 

Lagodon rhombotdes 5 
Vermilion snapper 

Rhomboplites aurorubens 7 6 1G SG . 5° 2H ES OO al 
Spot croaker 

Letostomus xanthurus 5 6 5 
Scaled sardine 

Harengula pensacolae 5 
Atlantic bumper 

Chloroscombrus chrysurus 5 


Yrle 


Paper scallop 

Amustum papyraceus 
Blue crab 

Callinectes similis 
Portunid crab 

Portunus gtbbestt 
Portunid crab 

Portunus sptntcarpus 
White shrimp 

Penaeus setiferus 
Rock shrimp 

Steyonta dorsalts 
Broken back shrimp 

Solenocera vtoseat 
Brown shrimp 

Penaeus aztecus 
Rough back shrimp 

Trachypenaeus similis 
Squid 

Loltgo pealet 
Squid 

Loliguncula brevis 
Spider crab 

Anasimus latus 


TABLE 21.2 
INVERTEBRATES COLLECTED DURING 1976 AND 1977 ALONG TRANSECT II 


1976 BB 


_ Jun Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


4 6 10 a 7 76 PArA 12 
4 10 3 5 € Z eh ae iG 9 pa] 
6 Pi 
6 * werU az 16 5 9 9 0 
8 6 7 7 8 SLO B10 
6 0 Mlb 5 8 
a 10 9 10 Lee 9 
6 8 18-226 Se 5 4 i 5 sh tory At LS A, 11 8. "b6 
10 LOS SLL 5 9 89 7 
5 8 4 8 FAV ti 8 7 4 4 
8 5. ee it St 
5 
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deeper waters than at Stations 1 and 2 and tended to undergo rapid histolo- 
gical changes due to pressure differences. Whenever possible, the animals 
were kept alive in a holding tank until processed. 

Gonads were removed from the animals as soon as possible and fixed 
tn toto. Fish gonad size ranged from 2 to 10 mm in diameter and from 10 
to 50 mm in length. Fish gonads were fixed tn toto due to their texture. 
They tended to roll back upon themselves when sectioned due to the highly 
elastic tunica (Hoar, 1969; Nelsen, 1953) resulting in severely distorted 
tissues. Since most fish gonads were less than 10 mm in diameter the fixa- 
tives could penetrate into the tissues rapidly. More importantly, tn toto 
fixation prevented tissue distortion. It enabled the study of germinal 
development for possible sequential maturation of germinal cells. By 
preserving the entire gonad and maintaining orientation, material was 
obtained from the distal, medial and proximal areas and any variation in 
germ celi maturation analyzed. 

Invertebrate gonadal tissues did not present the same problems as 
fish gonadal tissue. Invertebrates were dissected on board, whenever 
possible, gonads removed, sectioned and fixed. In several cases (shrimp 
and crabs), it was necessary to fix the thorax of the animal in toto. In 
these cases, the animal was decapitated, the abdomen removed, the exoskele- 
ton peeled off and the thorax placed in the fixative. 

Fixatives used were Bouin's (picric-acetic-formalin), Dietrich's 
(acetic-alcohol-formalin) and buffered formalin (Conn et al., 1965; Galig- 
her and Kozloff, 1971; Gurr, 1962; Guyer, 1953; Liliie, 1977; Pearse, 1975). 
These three fixatives were chosen and used because of the versatility allowed 


in staining reactions and their fixing capabilities. 
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Laboratory Processing 


Tissues were processed according to standard procedures for a given 
fixative. Tissues were trimmed, or further trimmed, prior to laboratory 
processing. Fixatives were washed from the tissues, and the tissues were 
dehydrated and embedded. Tissues were sectioned at 5 um. Some tissues 
were sectioned at 10 um due to their texture or nature. Slides of each 
specimen were stained in Heidenhain's iron-hematoxylin/eosin (Galigher 
and Kozloff, 1971) and either the Feulgen nuclear reaction (Guyer, 1953) 
or Harris Hematoxylin-eosin (Galigher and Kozloff, 1971; Gurr, 1962). 

For study of the normal reproductive cycle in each species, a total of six 
slides were prepared. Sections were prepared from three areas of each 
ovary and testes to ascertain if differential and/or sequential develop- 


ment was occurring in any of the specimens. 


Karyotype Analysis 


Methodologies for karyotype analysis were modified from existing proto- 
col to fit the nature of marine organisms (Ramirez et al., 1978). Chromo- 
some counts for seven species of fish and four species of beyeebebeens 
were made by either preparing karyotypes or photographs of chromosomal 


squashes. 
RESULTS AND DISCUSSION 


The reproductive cycles of fish and invertebrates can be established 
fairly well by nist ologsean ly and behaviorally tracing the pattern of 
gamete formation. Field studies of reproductive cycles of fish are based 
on the gonadosomatic ratio (gonad weight/body weight) (Barr, 1963a, b, c; 


Baerends, 1971; Burns, 1965; Fuller et al., 1976; Larson, 19/2; Liley, 1969). 
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Studies have shown the gonads at different stages of development, but have 
made little or no attempt to trace the process histologically (Barr, 1963a, 
b, c; Leake, 1975; Sadlier, 1973). 

Ideally, this would be easy if all animals sampled were in synchrony. 
The invertebrates appear to be more synchronous than the fish, which show 
a greater variability from station to station, and occasionally within 
specimens at a given station. Due to this variability by station, month 
and species, it is necessary to collect a greater number of specimens per 
Species per station to provide a representative statistical base. One 


to two additional years of sampling would be necessary to provide the data 


necessary to establish conclusively the reproductive cycle for each species. 


From the 1976 and 1977 sampling, a tentative reproductive cycle has 
been developed for. Prtsttpomotdes aqutlonarts (wenchman), Stenotomus 
caprinus (longspined porgy), Cynoseton arenartus (sand seatrout), Rhombo- 
plttes aurorubens (vermilion snapper), Penaeus aztecus (brown shrimp), 
Calltneetes simtits (blue crab), and Loltgo pealet (squid). Too much 
variation was noted even for organisms collected during every sampling 
effort to predict any of these cycles with total confidence. 

The observed variation showed that animals collected were in early, 
intermediate, and mature stages of development. Furthermore, it was not 
known how fast animals observed in a given stage of development were 
developing. Correlations of the stage of development with temperature and 
light period have not been attempted. The developmental data available 
in the literature were insufficient to make any assumptions about the 
reproductive cycle behavior (Baerends, 1971; Bieniarz and Epler, 1976; 
Burns, 1976; Fuller et al., 1976; Larson, 1972; Liley, 1969; Schwassmann, 


1971). 


Ovarian Histology 

Fish 

The teleost ovary is unique among vertebrates. The ovaries are 
hollow and lined with germinal epithelium that gives rise to the ovigerous 
folds. The oocytes develop from the edge of these folds. In contrast 
with other fish and vertebrates, the developing oocytes are not surrounded 
by large amounts of connective tissue stroma, follicular material, or vas- 
cular stroma but develop within a single cell layer follicle (Figure 21.14). 

The gross anatomies of the ovaries of the fish species reported here 
were much the same. The paired ovaries were completely enclosed in peri- 
toneal folds to form a cystovarian type of ovary. The walls of the ovary 
consisted of layers of connective tissue and smooth muscle to form a cap- 
sule. 

During development, the oocyte increases in size through the time 
yolk is deposited. The follicular cells change from squamous-like epi- 
thelial cells to cuboidal-like cells (granulosa) that contribute to the 
deposition of yolk, secrete hormones (Barr, 1963a, b; Hoar, 1969; Leake, 
1975) and form the zona radiata (chorion) (Figure 21.1B). Ripe ova are 
released into the cavity of the ovary that is continuous with a simple 
ciliated oviduct. The release of ova leaves the ovigerous folds empty 
and distended with young oocytes and an occasional unshed ovum, 

The pattern of ovulation varied among the species of fish examined. 
Some species produced large amounts of cellular debris, others disrupted 
the ovigerous folds, while some left large numbers of unshed ova that were 
eventually resorbed. 

The atretic-resorbing oocytes and cellular debris (amorphous mass) 
was earlier classified (Ramirez et al., 1977) as a pathological condition. 


With the additional 1977 data it appeared that these conditions were part 





Figure 21.1 
A. 


B. 


Ge 


D. 


Dam U2 


Longspined porgy (Stenotomus caprinus). General teleost ovarian organization showing 
ovary wall (ow) and ovigerous folds (of) extending into hollow ovary. 135X Feulgen. 


Wenchman (Pristtpomotdes aquilonaris). Large mature oocyte with large germinal 


vesicle (gv), well developed chorion (ch) and single layer of follicle cells (fc). 
540X Mallory's. 


Scallop (Amstuwn papyraceus). Ovarian lobes filled with maturing oocytes. 135X H & E 


Squid (Loltgo pealet). Ovary showing four different stages of oocyte development 
(I-IV). Large gocyte (stage IV) with infolded follicle cell layer (fc). 135X H& E 
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of the normal cycle. The atretic-resorbing oocyte has been shown to occur 
in the fish that have been hypophysectomized or hormone treated (Barr, 
1963a, b) and can be considered abnormal, yet residual gametes have been 
shown to undergo hyalinization and resorption (Macer, 1974). In examining 
the species used in this survey, certain species regularly demonstrated 
hyalinization, resorption, amorphous masses, and/or cellular debris that 
appeared to be part of the regular reproductive cycle. These conditions 
were not included nor counted as pathologies. 

The stages of development of fish oocytes were based on oocyte size 
and whether vitellogenesis was occurring. References have been made for 
staging of oogenesis in the literature (Barr, 1963a, b; Macer, 1974) but 
only for selected species. For this study the oocyte stages were limited 
to general stages that could be applied to the majority of species studied 


(Table -21).3). 


Invertebrates 

The histology of invertebrate ovaries is not as uniform or as easy 
to describe as that of the vertebrate ovary. Most invertebrate ovaries, 
such as in the shrimps and crabs, are multilobulated masses of germinal 
tissues that may be separated from other organs and tissues or may extend 
and branch among other organs or be closely associated with other organs. 

In contrast, the squid ovary is unpaired and supported medianly by mesen- 
tery to the dorsal wall. 

In the species sampled (Table 21.2), the majority had the general 
multilobed paired type of ovaries that increase in size with an increase 
in the number of oocytes. The ovary of the squid was enclosed in peri- 
toneal-like membrane while the scallop's ovary was in the highly reduced 


“Foor. 
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TABLE 21.3 


MATURATION STAGES OF FISH OOGENESIS 
ON THE SOUTH TEXAS OUTER CONTINENTAL SHELF 


STAGE HISTOLOGICAL APPEARANCE 
— EI NE BE EEARANCE 


Immature Small uniform oocytes no larger than 
10 um in diameter; Cytoplasm without 
vacuoles & stains densely 


Previtellogenesis: 
Quiescent Similar to Immature Stage but obviously 
post spent and recovering; Germinal 
vesicle with one or two large nucleoli 


Small Oocytes Oocytes developing; Size of 
oocytes 15-100 wm; Follicle cell squa- 
mous like; Cytoplasm stains light; Ger- 
minal vesicle large with increased number 
of nucleoli 


Large Oocytes Increase in oocyte size; Range 100-200 un; 
Follicle cells changing to cuboidal- 
like 


Vitellogenesis: 
Primary Yolk Oocytes larger than 150 um; cytoplasmic 
vacuoles (primary yolk) begin to appear; 
Follicle cells cuboidal; Zona radiata 
begins to form 


Secondary Yolk Oocytes larger than 150 um; Primary yolk 
droplets present plus densely staining 
yolk granules; Well formed zona radiata; 
Well formed follicle cell layer. 


Mature All stages of oocytes present; Majority 
of oocytes in 300 um plus size with pri- 
mary and secondary yolk present; Tightly 
packed oocytes. 


Ripe Similar to mature; Some indication of 
f oocyte release from follicle and 
ovigerous folds. 


Spent Ovigerous folds empty and distented; 
residual mature oocyte present. 
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The oocytes of the invertebrates, with the exception of the squid, 
are not as complex as that of the fish. Invertebrate oocytes differ in 
maximum possible size. Most invertebrate oocytes, rather than being sur- 
rounded by follicle cells, develop within a lobe or large follicle. Devel- 
opment is either synchronous (Figure 21.1C) or sequential. 

The developing oocytes of the squid are clustered and each oocyte is 
surrounded by a follicular cell syncytium (Figure 21.1D). The stages of 
oogenesis can be recognized by the structure of the follicle (Ramirez and 
Guajardo, 1977; Selman and Arnold, 1977). 

Table 21.4 describes the histological appearance and description of 
the developing oocyte in the squid. The follicle cell layer surrounding 
the squid oocyte showed definite cyto-differentiation stages. These 
changes have been shown to be involved in vitellogenesis and secretory 


functions (Ramirez and Guajardo, 1977; Selman and Arnold, 1977). 


Testicular Histology 

The testicular gross morphologies of the fish species sampled were 
similar. The paired testes, with a very short sperm duct, were located 
posteriorly dorso-ventrally in the peritoneal cavity. The size varied 
with stage of development. Histologically, the testes consisted of a 
series of ill-defined lobes of thin connective tissue and elastic fibers 
lined with resting spermatogonia in the quiescent stage (Table 21.5; Figure 
21.2A). Fish spermatogenesis was cystic rather than with true seminifer- 
ous tubules, as found in other vertebrates. During spermatogenesis 
the resting spermatogonia began to divide and form clusters of cells in 
separate cysts. Further cell division resulted in an increase in the 


size of the cysts. All of the cells within a given cyst were at the same 
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TABLE 21.4 


MATURATION STAGES OF SQUID OOGENESIS 
ON THE SOUTH TEXAS OUTER CONTINENTAL SHELF 


STAGE* HISTOLOGICAL APPEARANCE 
Immature Majority of oocytes less than 50 um in 


diameter surrounded by few squamous 
follicle cells 


I Growing oocyte; Large germinal vesicle 
with several nucleoli; Oocyte surrounded 
by several squamous follicle cells; Oocyte 
and follicle 50-100 um 


II Oocyte range 100-200 um in diameter; Ac- 
tive proliferation of follicle cells and 
change from squamous to cuboidal shape 


Ads Follicle cells continue to proliferate 
and folds of follicle cells penetrate the 
growing oocyte. Majority (approx. 80%) 
of follicular volume is follicle cells. 
No yolk deposits are yet evident; Oocyte 
range 200-400 um. 


IV Vitellogenesis is evident; Oocyte in- 
creases in size pushing the follicular 
layer to the periphery. The follicular 
cells have formed a snycytium; Oocyte 
size 400-800 um. 


V Vitellogenesis continues; Chorion is 
formed; Follicular syncytium is pushed 


out; Cellular syncytium is sloughed off. 


Mature Oocyte size 800 um-1.5 mm; Chorion for- 
mation complete-Oocyte ready to be shed. 


*Adapted from Sellman & Arnold, 1977 


TABLE 21.5 


STAGES OF SPERMATOGENESIS OF TELEOST FISH FROM 
THE SOUTH TEXAS OUTER CONTINENTAL SHELF 


STAGE 


Immature 


Quiescent 


Early Development 


Mid Development 


Late Development 


Mature 


Ripe 


Spawned 


HISTOLOGICAL APPEARANCE 


Lobules closed, lined with large, 
non-dividing resting spermatogonia; 
No spermatogenesis seen 


Recovering from spent condition, 
some residual spermatozoa in sinus 
of lobules; Lobules lined by rest- 
ing spermatogonia; Some dividing 
spermatogonia cysts present 


Increase in dividing spermatogonia 
cysts 


Primary spermatocyte cysts predomi- 
nant; Dividing spermatogonia and 
secondary spermatocyte cysts 
present 


Cysts at all stages of spermatogen- 
esis present; Spermatid cysts 
predominant 


Large number of cysts with mature 
spermatids, many cysts have rup- 
tured releasing the spermatids into 
the sinuses that are formed by the 
ruptured cysts; Some cysts in vari- 
ous stages of spermatogenesis 


Similar to Mature with greater num- 
ber of cysts ruptured; Increase in 
number of spermatids in sinuses 


Lobules with open sinuses; Residual 
spermatozoa seen in sinuses; Resting 
spermatogonia predominant stage 


Figure 21.2 
A. 


B. 
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Longspined porgy (Stenotomus caprinus), Testis at quiescent stage; (rsp) resting 
spermatogonia; empty sinuses (arrows). 540X Mallory's, 


Longspined porgy (Stenotomus caprinus). Maturing testis with several cysts (cy) 
at different stages of spermatogenesis. 540X Mallory's. 


Scallop (Ametun papyraceus). Large sperm cluster (cyst) with different stages of 
spermatogenesis. 220X Feulgen. 


Brown shrimp (Penaeus aztecus). Testis showing dividing spermatogonia (dsp) and 
primary spermatocytes (psp). 540X H&E 
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stage of spermatogenesis and in synchrony (Figure 21.2B). 

The stages of spermatogenesis and sexual maturity were established on 
the basis of the type and number of the different cysts of spermatogenesis 
seen (Table 21.5). The stages were determined to fit the majority of the 


fish species studied. 


Invertebrates 

The process of spermatogenesis in the invertebrates varied from that 
of the fish. The process ranged from a synchronous (scallops) to sequential 
(shrimps and crabs) to a modified seminiferous tubule type (squid) or 
spermatogenesis (Figures 21.2C, 21.2D, 21.3A). 

In the scallop, spermatogenesis proceeded in clusters (modified cysts) 
in which several stages developed centripetally with every cluster in syn- 
chrony. In the arthropods, development was sequential. Depending on the 
area of the testes studied, different stages of spermatogenesis were seen. 
At different periods of maturity, predominance of certain stages of sperma- 
togenesis was noted. 

The squid's testes resemble, in structure and spermatogenesis, the mam- 
malian seminiferous tubule type of development. Within the tubule every 
stage of spermatogenesis is seen sequentially, with the resting spermato- 
gonia on the periphery and different stages toward the center where the 
mature spermatoza are collected (Figure 21.3A). 

The spermatogenesis stage designation used for the fish (Table 21.5) 
was also used for the invertebrates, although the histological description 
differed. Predominant spermatogenic stages were used to establish the 


stage in spermatogonial development in the different invertebrates. 


Reproductive Cycle 


A total of fifteen species of fish and twelve species of invertebrates 





Figure 21.3 
A. 
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Squid (Loligo pealet). Longitudinal 


Stages of spermatogenesis; (psp) primary spermatocytes; (ssp) secondary spermatocytes; 
(spd) spermatids. 540X Feulgen. 


section of seminiferous tubule with different 


Wenchman (Priettpomotdes aquilonaris). Ovigerous folds with small previtellogenic 
oocytes, 220X Mallory's. 


Wenchman (Prtsttpomotdes aquilonarts). Lar 


ge vitellogenic oocytes with primary (py) 
and secondary (sy) yolk. 135X H&E. 


Wenchman (Prtsttpomotdes aqutlonaris). 


Ovigerous folds in a distended stage. 
220X Mallory's. 
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were collected along Transect II for the reproductive cycle study (Tables 
21.1 and 21.2). The wenchman (P. agqutlonarts) was the most abundant and 
largest group with 54 males and 51 females. Some of the other species of 
fish such as the longspined porgy (S. caprinus) and vermilion snapper 

(R. aurorubens) also had good distribution of male and female individuals 
and were collected during most sampling periods. Among the invertebrates, 
the brown shrimp (P. aztecus) was the most consistently collected species, 
followed by the squid (LZ. pealet), paper scallop (Amustwn papyraceus) and 
bluererab; (Cnssimtiie).. 

The reproductive cycle for these species have been partly established 
histologically. Several major gaps occur in the data as a result ot idetie 
or no overlap in the samples collected. This lack of an overlap was due to 
collecting protocol and temporal and spatial distribution of the animals 
(the animals were either all of one sex, or not available in the collection, 
or no sampling was done during an important period of the reproductive 
cycle). The cycles established reflect this in giving an incomplete or 
contradicting picture. This may be due to overlapping cycles occurring, 
but in the partial data available, all stages of reproduction appear. 

When these data are integrated with other components of this study (i. Gs 
zooplankton, identification and numbers of eggs, and larval forms), per- 


haps a complete picture can be developed. 


Fish 

The fish for which sufficient data have been collected to show some 
pattern are the wenchman, longspined porgy and vermilion snapper (Table 
21.1). The wenchman was collected from Station 3, Transect Il during all 
five sampling periods of 1976 and eight of the nine sampling periods of 


1977. Histologically, the female started oogenesis in the period between 


222 


December and March. The wenchman was not collected during this time, but 
in March and April when it was collected, oogenesis had started and the 
oocytes were in the previtellogenic stages (Figure 21.3B). The oocytes 
were seen in various stages of growth with a size range of 15-200 um in 
diameter (Table 21.6). In July and August, when collected again, the 
ovaries were observed to have large oocytes, ranging between 150 and 300 

Um in diameter, and with primary and secondary yolk granules (Figure 21.3C). 

No samples were collected during September. In October the majority 
of the wenchman sampled were in the immature or quiescent stage (Figure 
21.3D). They had either spawned, although no evidence for this was avail- 
able, or they were immature developing animals. A few were in developing 
stages suggesteing they were either late developers or residuals. 

The wenchman was collected primarily from Station 3. In June, July 
and August, the wenchman was also collected from Station 2. The ovaries 
of these animais were in the previtellogenic stage while the Station 3 
specimens had mature oocytes (Figure 21.3C). These animals were either 
moving inshore, or out to sea as they matured. Comparison of larvae, 
juvenile and adult swim patterns were not done. Therefore, it was diffi- 
cult to support these observations. 

The male wenchman differed from the other species of fish in the 
process of spermatogenesis. While in most fish the cysts progress to 
maturity with the majority of the cysts being at a given stage, the wench- 
man appeared to fluctuate with the testes having cysts at all stages of 
spermatogenesis (Table 21.7). A trend could be seen where some stages 
might have been predominant, yet all stages were still seen (Figure 21.4A). 

One hundred and one (101) specimens of the longspined porgy were 
collected during 1976 and 1977. This species was collected during every 


collecting period (Table 21.1), but due to the sampling protocol no samples 
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TABLE 21.6 


REPRODUCTIVE CYCLE OF FEMALE WENCHMEN (Pristipomotdes aquilonaris), 
COLLECTED DURING 1976 AND 1977 FROM STATION 3, TRANSECT II. 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED AND 
DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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TABLE 21.7 


REPRODUCTIVE CYCLE OF MALE WENCHMEN (Pristipomotdes aqutlonaris), 
‘COLLECTED DURING 1976 AND 1977 FROM STATION 3; LRANSECTELI. 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESTS OBSERVED AND 
DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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Wenchman (Prtsttpomotdes aqutlonarts). Testis with cysts at various stages of 
spermatogenesis. 540X H&E. 


Longspined porgy (Stenotomus caprinus). Ovary with oocytes at different previtel- 
logenic stages; oocyte with primary yolk (arrow) present. 220X H&E. 


Longspined porgy (Stenotomus caprinus). Ovigerous folds with large number of 
previtellogenic oocytes. 100X H&E. 


Longspined porgy (Stenotomus caprtnus). Mature oocytes with chorion (ch), well 
developed follicle cell layer (fc), and primary (py) and secondary (sy) yolk. 
135X H&E. 
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were collected during January, May and September. 

The immature-quiescent stage in oogenesis for the longspined porgy 
was observed first in June (Table 21.8; Figure 21.4B). Growth of the 
previtellogenic oocytes was seen during October and November (Figure 21.4C). 
In December, oocytes were seen in the vitellogenic stages with some near 
the mature stage (Figure 21.4D). No samples were collected in January. 

In February one fish was seen in the mature-ripe stage and seven others 
contained maturing oocytes (vitellogenesis; primary and secondary yolk 
granules). During March, only one female was analyzed, and in April only 
two. The latter were in the vitellogenic stage with primary and secondary 
yolk. No collections were made in May, but in June the ovaries were at 
the quiescent stage with the oocytes at a small previtellogenic stage sim- 
ilar to the stage seen during the previous June (Figure 21.4B), 

The pattern of oogenic development showed that oogenesis progressed 
to maturity in the cooler period of the year and the wenchman most likely 
spawned in either January or May when collections were not made. The 
March and April collecting efforts did not yield enough females to give 
an accurate picture. 

The male reproductive cycle paralleled the female cycle very closely 
(Table 21.9). June, July and August samples showed the fish to be at the 
quiescent stage (Figure 21.2A).of spermatogenesis. The majority of cells 
seen were resting spermatogonia with some testes definitely being post- 
Spent, since residual spermatozoa were seen in the sinuses of the lobules. 
The testes were seen in various stages of development during October, Nov- 
ember and December (Figures 21.5A, 21.5B). In February, the majority of 
the developing cysts were filled with mature spermatids. Some cysts had 
ruptured and had released the mature spermatids into the sinuses that 


were formed by the ruptured cysts (Figure 21.5C). As with the female, few 


TABLE 21.8 


REPRODUCTIVE CYCLE OF FEMALE LONGSPINED PORGY (Stenotomus caprtnus), 
COLLECTED DURING 1976 AND 1977 FROM STATION 3, TRANSECT II. 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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TABLE 21.9 


REPRODUCTIVE CYCLE OF MALE LONGSPINED PORGY (Stenotomus caprinus) , 
COLLECTED DURING 1976 AND 1977 FROM STATION 3, LRANSEG IE. 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OF PROPORTIONS 
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Figure 21.5 


A, Longspined porgy (Stenotomus caprinus). Testis in early development stage with 
dividing spermatogonia (dsp) and primary spermatocyte (psp) cysts. 410X Feulgen. 


B. Longspined porgy (Stenotomus caprinus). Testis in mid development stage with 
cysts in various stages of spermatogenesis. 410X H&E. 


C. Longspined porgy (Stenotomus caprinus). Testis in late development to mature 


stage with many cysts having ruptured and forming spermatozoa (sp) filled sinuses. 
410X H&E, 


D. Brown shrimp (Penaeus aztecus). Immature-quiescent ovary with majority of oocytes 
very small and no yolk. 220K H&E. 
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males were collected during March and April making it difficult to analyze 
the process of spermatogenesis completely. Spawning could have occurred 
any time between January and May as the testes were in a post spawned, 
quiescent stage in June. During March and April, some of the males were 

at the ripe stage, while others were at various stages of Maturity. These 
animals were either late developers or animals with residual development. 
If this is the case, the longspined porgy would have spawned during January 
and/or February, coinciding with the data available for the female. 

Sufficient data were available for the vermilion snapper to make a par- 
tial analysis of the reproductive cycle (Tables 21.10 and Zell) ihess 
fish were collected by hook and line at the Southern Bank Station, there- 
fore, sampling was partially biased by type of fish taking the bait. Both 
males and females showed a similar pattern. Tables 21.10 and 21.11 showed 
a dual cycle emerging. Gametogenesis was initiated in April for both males 
and females and reached maturity in August for the females and from August 
to October for the males. What appeared to be a new cycle of gametogenesis 
was being initiated during October. No data was available for January 
through April making it impossible to develop any definite pattern or 
interpretation of this data. 

The sand seatrout (C. arenartus) was collected during 12 of the 14 
sampling periods of the 1976 and 1977 studies. A total of 28 females and 
28 males was collected. Sampling ranged from one to ten specimens per 
effort and for three of these efforts only females were collected. Tables 
21.12 and 21.13 show the erratic pattern developed from the observations 
of the male and female sand seatrout gonads. 

The other fishes sampled were collected either a limited number of 
times or in insufficient numbers. A greater problem was the unequal dis- 


tribution of males and females collected. Many times either all males or 
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TABLE 21.10 


REPRODUCTIVE CYCLE OF FEMALE VERMILION SNAPPER (Rhomboplites aurorubens), 


COLLECTED DURING 1976 AND 1977 FROM SOUTHERN BANK, 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PORPORTIONS 
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TABLE Sz Lt 


REPRODUCTIVE CYCLE OF MALE VERMILION SNAPPER (Rhombopltites aurorubens) , 
COLLECTED DURING 1976 AND 1977 FROM SOUTHERN BANK, 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESTS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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TABLE 21.12 


REPRODUCTIVE CYCLE OF FEMALE SAND SEATROUT (Cynoseton arenartus), 
COLLECTED DURING 1976 AND 1977 FROM STATIONS 1, 2 AND 3, TRANSECT II 
FACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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TABLE 21.13 


REPRODUCTIVE CYCLE OF MALE SAND SEATROUT (Cynoscion arenartus ) , 
COLLECTED DURING 1976 AND 1977 FROM STATIONS Lye 2ehND- 3, TRANSECT. TT 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESTS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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all females were collected... Analysis of these species would have been 


fruitless and inconclusive. 


Invertebrates 

Table 21.2 shows the temporal distribution of the invertebrates in the 
collecting effort. The brown shrimp (P. agtecus) was collected every sam- 
pling effort and showed the greatest number of individuals collected. Out 
of 14 sampling periods the squid (LZ. pealet) and blue crab (C. szmtlts) 
were collected 11 times and the scallop (4. papyraceus) and portunid crab 
(Portunus spintcarpus), nine times each, 

In a histological examination of the brown shrimp it was observed that 
the processes of oogenesis and spermatogenesis were synchronous (Tables 
21.14 and 21.15). The immature-quiescent stage in gametogenesis was seen 


during June and July (Figures 21.5D and 21.6A). In August, development was 


(Figures 21.6D, 21.6C). The February-March collections were small in the 
number of specimens collected. Since a great fluctuation in gametogenesis 
was seen, the data for this period were inconclusive. 

Histologically, the squid presented a very dispersed picture. In 
both the male and female, gonads had all stages of development of gametes 
(Tables 21.16 and 21.17). The female gonads showed all stages of oogenesis 
in most of the sampled periods with an increase in mature oocytes in June. 
The male, as described in the Testicular Histology Section of this report, 
had a seminiferous tube-like type of spermatogenesis (Figures 21.3A and 21.6D). 
Therefore, all stages of gamete formation were present in the tubule, and 
did not give a definite clue to the stages of reproduction, 

Since the paper scallop is a hermaphroditic organism, equal number of 
male and female gonads were sampled every sampling period. The reproduc- 


tive cycle for the paper scallop appeared to end sometime during April and 
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TABLE 21.14 


REPRODUCTIVE CYCLE OF FEMALE BROWN SHRIMP (Penaeus aztecus), 
COLLECTED DURING 1976 AND 1977 FROM STATION 2, TRANSECT II, 


EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 


AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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TABLE.21.15 


REPRODUCTIVE CYCLE OF MALE BROWN SHRIMP (Penaeus aztecus), 
COLLECTED DURING 1976 AND 1977 FROM STATION 2, TRANSECT II. 


EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 


AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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Brown shrimp (Penaeus aztecus). Testis at quiescent stage. 540X H&E. 


Brown shrimp (Penaeus aztecus). Ovary with large maturing oocytes with yolk 
granules. Cluster of previtellogenis oocytes (arrow) present. 135X H&E. 


Brown shrimp (Penaeus aztecus). Testis' lobes filled with primary spermatocytes 
(psp) and secondary spermatocytes (ssp). 220X H&E. 


Squid (Loligo pealet). Cross section of testis showing the seminiferous tubule 
arrangement with different stages of spermatogenesis. 540X Feulgen. 
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TABLE 21.16 


REPRODUCTIVE CYCLE OF FEMALE SQUID (Loligo pealet), 

COLLECTED DURING 1976 AND 1977 FROM STATIONS 1, 2 AND 3, TRANSECT II. 

EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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REPRODUCTIVE CYCLE OF MALE SQUID (Loltgo pealet) 


COLLECTED DURING 1976 AND 1977 FROM STATIONS 1, -2-AND 3, TRANSECT 11, 


FACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESTS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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May (none collected) since they were spent in June. Spent animals were 
collected through October. At the same time, animals in earlier stages of 
gametogenesis were also collected. Mature oocytes (Figure 21.1C) and large 
amounts of spermatid clusters were seen from December through April 
CPigure 21.20). 

The blue crab presented a better pattern in gamete formation even 
though it was collected only during the June through December period 
(Tables 21.18 and 21.19). In June, when first sampled, the ovaries had 
very small previtellogenic oocytes. In December, all stages of oogenesis 
were found among the sampled animals. The male gonads also showed early 
stages of spermatogenesis in June and the developing to mature stages 
increased through December. In a related species to the blue crab (Call7- 
nected saptdus) reports indicated that peak spawning was seen during the 
March-April period and females with sponge (egg mass) were seen in greater 
numbers during July (More, 1969). 

Other invertebrate species examined during this study showed some 
emerging patterns, but not enough samples were collected to develop a 
complete reproductive cycle. The general pattern of histological obser- 
vations reported with some degree of confidence, coincided partly with 
published reports, although not enough data was generated to establish 


a direct correlation. 


Pathology 


A variety of pathological conditions was observed (Tables 21.20 and 
21.21) in the 878 samples analyzed. From these analyses, 149 specimens 
(16.9%) displayed some pathological conditions. Invertebrates accounted 
for 88 infected specimens (10%) while vertebrates accounted for 61 infec- 
ted specimens (6.92%). 


Only generalized statements can be made from the existing data, since 
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TABLE 21.18 


REPRODUCTIVE CYCLE OF FEMALE BLUE CRAB (Callinectes Piniieele 


TRANSECT IT 


EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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TABLE 21.19 


REPRODUCTIVE CYCLE OF MALE BLUE CRAB (Callinectes stmilts), 
COLLECTED DURING 1976 AND 1977 FROM STATIONS 1, 2 AND 3, TRANSECT IT. 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESTS OBSERVED 

AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 
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TABLE 21.20 


SURVEY OF GONADAL PATHOLOGICAL INCIDENCE FOR VERTEBRATES COLLECTED DURING 1977 
ALONG TRANSECT II AND SOUTHERN BANK 


Neoplasm & Degenerated 1 
prs en a BN Pen Pe icAyPardai tes Hyperplasia Cysts Gonad_—_s(Other 
Wenchman 

Prtsttpomotdes aqutlonarts 2 8 ee 
Longspined porgy 

Stenotomus caprinus 4 1 4 
Sand seatrout 

Cynoseton arenartus 2 1 | 5 
Atlantic croaker 

Mteropogon undulatus 2 3 
Gulf butterfish 

Peprtlus burti 
Rock sea bass 

Centropristts philadelphica 1 1 
Red snapper 

Lutjanus campechanus 4 2 
Threafin 

Polydactylus oetonemus 
Black ear bass_ 

Serranus atrobranchus 
Pinfish 

Lagodon rhombotdes 1 
Vermilion snapper 

Rhomboplites aurorubens 8 5 3 
Spot croaker 

Letostomus xanthurus 1 
Scaled sardine 

Harengula pensacolae 1 
Atlantic bumper . 

Chloroscombrus chrysurus 1 2 
ce eee eS ne eee ae ae ee eee 
Fibroblast infiltration, leucocyte infiltration, vascularization, unknown diseases or causes, 

or other abnormalities. 
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TABLE 21.21 


SURVEY OF GONADAL PATHOLOGICAL INCIDENCE FOR INVERTEBRATES COLLECTED DURING 1977 
ALONG TRANSECT IT 


‘Neoplasm & Degenerated 1 


Specimen Parasites Hyperplasia Cysts Gonad Other 
Paper scallop 


Amustum papyraceus 4 6 6 1 8 
Blue crab 
- Callinectes stmiltis 4 7 8 
Portunid crab 

Portunus gtbbestt 
Portunid crab 

Portunus sptntcarpus 1 3 6 
White shrimp 

Penaeus settferus S. 4 3 
Rock shrimp 

Steyonta dorsalts 6 
Broken back shrimp 

Solenocera vtoscat 2 1 id 
Brown shrimp 

Penaeus aztecus 19 1 1 
Rough back shrimp 

Trachypenaeus stmtlts 1 
Squid 

Loltgo pealet 7 
Sauid 

Loltguneula brevis 5 
Spider crab 

Anastmus latus 1 


Fibroblast infiltration, leucocyte infiltration, vascularization, unknown diseases or causes, 
or other abnormalities. 
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too few specimens were collected to state a definite effect or trend. 

In another study, involving 290,000 fishes (151 species), it was reported that 
the data were not sufficient to clarify the relationship between initiation 
of the disease and the disease prevalence distributional pattern (Mearns 

and Sherwood, 1977). 

A common pathology observed was the presence of helminths (Figures 
21.7A, 21.7B). In some cases, the helminths had penetrated the gonad 
(Figure 21.7B), while in other cases, they were associated with the gonad 
on the periphery (Figure 21.25) or in the connective tissue or mesentery 
supporting the gonad. In another study, the helminths were considered to 
be an environmental indicator (Overstreet and Howse, 1977). Mearns and 
Sherwood (1977) stated that as collecting moved away from the center of 
the pollution point, the presence of parasites increased. 

Sporozoan and protozoan (Figures 21.7C, 21.7D) infections were found 
through entire collecting samplés~ in both vertebrates and invertebrates. 
Heavy infections by these organisms resulted in complete destruction of 
gonadal area (Figure 21.7D). 

Table 21.22 shows that the highest incidence of parasites in the 
vertebrates was during the coldest part of the year (Quarter I). Inver- 
tebrates had an increase of parasitism during the warmer months (Quarter 
I and II). Correlation with temperature data was not done; thérefore,. 
only generalizations can be made as to the relative importance of tempera- 
ture with respect to the incidence of parasitism. 

Neoplastic growths were seen associated either with the gonadal wall 
or supportive connective tissue (Figures 21.8A, 21.8B, 21.8D). Some 
mature oocytes appeared to have neoplastic: growths in the ooplasma (Fig- 
ure 21,8B). 

Neoplasia studies of aquatic specimens have just started to develop 


enough of a data bank to ascertain any relationship regarding the specimens 





Figure 21.7 
A. 


Be 





Longspined porgy (Stenotomus caprinus). Helminth parasite adjacent of ovary (0). 
135 X H&E, 


Rock shrimp (Stcyonta dorsalis). Helminth parasite embedded in ovary. 540X H&E. 


Vermilion snapper (Rhomboplttes aurorubens). Sporozoan parasite (arrow) in 
degenerated testis. 1320X H&E. 


Vermilion snapper: (Rhomboplites aurorubens),. Protozoan parasite (arrow) in 
degenerated testis. 1320X H&E. 
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TABLE 21.22 


1977 QUARTERLY’ ANALYSIS OF PARASITES OBSERVED IN THE GONADS 
OF VERTEBRATES AND INVERTEBRATES 
COLLECTED ALONG TRANSECT II AND AT SOUTHERN BANK 


VERTEBRATES 
AOI cee ne SIN hea LIAS Rone 2) Ve Te 
Quarter Incidence ie OE: Tee 
t rf ALSOZ 
Le Z ‘lp are Wes 
ELL 4 24.0% 
IV 4 245 Of 
ee RE a hs ae ES. eA Ly oo ete 
TOTAL O/ 3532 (4282) 


—_—_ eee 
err oe errr 


INVERTEBRATES 
ESSN Lee nar La Mee LD Wa os 
Quarter _ Incidence % of Tiel 
ict iS Ne a ee er ee ee Oe 
I 6 ite pay 
ist 10 26.0% 
rele 15 39.07 
IV 7 18.02 
Sika SOR LI LT A Tlie OR a 
TOTAL Sonogd wees) 


-—_—_—— 
-_—-_----eooo ns nn nk kee 


Quarters = January-March, I; April-June, II; July-September, III; October- 
December, IV 


Incidence per Quarter 


% of Total Incidence = Incidence of Pathology for year 


eee oe — OL a et te Te Se a tins a aR eal SS A a nial RE LN hes Sets Sin be nee ee 


21-49 


eta ad a aS il EA no Lal ahd Abia HR ae ee ncn bet Dee nL ek ee 





Figure 21.8 
A. Blue crab (Callinectes simtlts). Neoplastic growth in testis. 1320X H&E. 


B. Wenchman (Pristipomotdes aqutlonaris). Maturing oocyte with neoplastic inclusions 
(arrow). 540X Mallory's. 


C. Red snapper (Lutjanus campechanus). Cystic reaction to degenerating parasite and 
fibroblast infiltration (arrow). 100X H&E, 


D. Wenchman (Prtsttpomotdes aqutlonarts). Neoplastic cyst seen in testis, 410X H&E. 


and their environments (Harshburger, 1977). Before the etiology of a par- 
ticular neoplasma can be established, the following have to be considered: 

1. Identification and classification of neoplasma common to a parti- 
cular organ, a particular species and/or a particular habitat; 

2. Analysis of water, food, sediments and the environment and iden- 
tification of one or more carcinogens or possible carcinogens; 

3. Simulation of the exposure under controlled laboratory experiments 
and inducement of the same neoplasma in the same organ, the same species 


and by the same route of exposure. 


Not enough data have been collected to definitely establish that a neoplasia 
has occurred and not a hyperplasia, since an early state of neoplasia 
resembles hyperplasia (Stewart, 1977). 

Hyperplasia has been defined as the increase in the number of indivi- 
dual tissue elements, excluding tumor formation, whereby the bulk of the 
organ is increased (Stewart, 1977). Very few incidences of hyperplasia 
and neoplasia were seen during this sampling period. Hyperplasia was 
seen in 10 out of 525 (1.9%) invertebrates while only three out of 353 
(0.08%) vertebrates (Table 21.23). The incidence of hyperplasia was more 
prevalent during the cooler months. 

Various types of cysts were observed in the specimens collected. Some 
of the cysts were clearly reactions to invasion by parasites (Figure 21.8C), 
but most were of unknown origin (Figure 21.8D). Vertebrates seem to have 
had a higher incidence of cysts during warmer months (Quarters II, III) 
while the incidence of cysts in invertebrates was observed to be the high- 
est during the cooler months (Quarter IV) of the year (Table 21.24). Vert- 
ebrates had the highest incidence of cysts (4.5%). The invertebrates had 


a much lower incidence (1.1%). 
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TABLE 21.23 


aL QUARTERLY? ANALYSIS OF NEOPLASTIC AND HYPERPLASIA OBSERVED 
IN THE GONADS OF VERTEBRATES AND INVERTEBRATES COLLECTED 
ALONG TRANSECT II AND AT SOUTHERN BANK 




















VERTEBRATES 
Quarter Incidence Gee ae 
I 1 Bioelug 
ie 
sind 
IV 2 67.0% 
TOTAL Be tii. 
INVERTEBRATES 
Quarter Incidence omic. 5 To 
I 2 20.0% 
api 
ABBR l 10.0% 
IV 7 70.0% 
TOTAL ID L526 97) 


‘Quarter = January-March, I; April-June, II; July-September, III; October- 
December, IV 
Incidence per Quarter 
*% of Total Incidence = Incidence of Pathology for Year 
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TABLE 21.24 


1977 QUARTERLY? ANALYSTS OF CYSTS OBSERVED IN THE GONADS 
OF VERTEBRATES AND INVERTEBRATES COLLECTED 
ALONG TRANSECT II AND AT SOUTHERN BANK 


VERTEBRATES 
reece. Wt 41 iv N & 28 Slee eer Bde cmd eee eee cok 
Quarter Incidence me POLe Ls ie 
SE Rp tne a ee ee ee 

ai ij 6.0% 
pes 7 44.0% 
si j 44.0% 
IV 1 6.024 
ee ee ee eee 
TOTAL tO] Joo (4.075 


—_——ooOoOoOo:O:O:,eeoeoeoe ee 
—_—_—_— eee 


Quarter Incidence Beales. ee 
Sot ei Anne. kA. |) SN Ts Le, 
ig 1 Lie 
aie l 17.02 

III 1 Lies 
IV 3 50.0% 
LAE oe 2 a reson rt ENN ace eee eR Belen cat 
TOTAL 0/525 Tule a) 


OC -rrrrwrw——— ee 
_—_—_— CC rr eee 


‘Quarter= January-March, I; April-June, II; July-September, III; October- 


December IV 
Incidence per Quarter 


*% of Total Incidence = Incidence of Pathology for Year 
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Failure of gonads to develop, whether male or female, often appeared 
to be associated with nematode parasitism. A few gonads were found com- 
pletely destroyed by bacterial invasion while the causative agent(s) of 
other degenerated gonads could not be identified (Figure 21.9A). Inverte- 
brate and vertebrate incidence of degenerated gonads was 3.0% and 2, 3% 
respectively (Table 21.25). 

Fibroblast infiltration, vesiculation, leucocytic infiltration and 
other conditions were combined under one heading (Table 21.26). Due to 
this combination, the largest occurrence of pathologies was seen in this 
category. These conditions were usually associated with other conditions 
such as parasitism, neoplastic growth or hyperplasia. Fibroblast infil- 
tration and vesiculation were also seen in post spent animals which could 
have been part of the "normal" reproductive cycle (Figure 21.9B). Until 
an adequate data base is available, such conditions cannot be definitely 
categorized. 

Tables 21.27 -— 21.29 summarize the incidence of histopathologies 
and parasites of the invertebrate and vertebrate gonads. The wenchman 
(70 specimens, 16 infected) had the highest incidence of pathological 
conditions among the vertebrates (22.9%) and the longspined porgy (71 
specimens, 8 infected) had the lowest incidence (11.3%). Of the inverte- 
brates, the scallop (53 specimens, 18 infected) had the highest incidence 
of pathologies (40%) while the rough back shrimp (51 specimens, 1 infected) 
had the lowest incidence (1.9%). 

A generalized prediction can be made as to which period of the year 
the highest incidence of pathologies occur (Table 21.27). The vertebrates 
are more subject to infection during the cooler months (Quarters I and IV). 


Invertebrates also showed a high percent of infection during Quarter IV. 











Figure 21.9 


A. White shrimp (Penaeus setiferus). Degenerating ovary due to unknown cause. | 
410X H&E. b 


B. Vermilion snapper (Rhomboplites aurorubens). Fibroblast infiltration (arrow) into 
ovigerous folds of spent ovary. 220X H&E. 
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TASLE Z1.25 


1977 QUARTERLY! ANALYSIS OF DEGENERATED GONAD IN THE GONADS 
OF VERTEBRATES AND INVERTEBRATES COLLECTED 
ALONG TRANSECT II AND AT SOUTHERN BANK 


























VERTEBRATES 
Quarter Incidence nor’ tT. Tes 
i 5 63.0% 
id 
bog Oi 2 25.0% 
IV 1 13.02 
TOTAL o/3o38 (2.34) 
INVERTEBRATES 
Quarter Incidence Aa 5 Shae ne 
a 
ii 
Tid 4 2% 04 
IV 12 735201 
TOTAL 16/525 (3702) 





louarter= January-March, I; April-June, II; July-September, IV; October- 
December, IV 


y, . Incidence per r 
iY of Total Incidenadc™ eee oe eer 


Incidence of Pathology for year 
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TABLE 21.26 


LOT a QUARTERLY * ANALYSIS OF OTHER PATHOLOGIES IN THE GONADS 
OF VERTEBRATES AND INVERTEBRATES COLLECTED 
ALONG TRANSECT II AND AT SOUTHERN BANK 























VERTEBRATES 
Quarter Incidence VA ope aa 
A 8 Zone 
Il 6 19.04 
zig ys yy L/ 308 
IV a 41.02% 
TOTAL B27353 09 ol) 
INVERTEBRATES 
Quarter Incidence at iel ae 
ut 12 30507 
Ee 6 15.0% 
PLE 3 8.0% 
IV 19 48.0% 
TOTAL 40/525)°(7.67) 








‘Quarter= January-March, I; April-June, II; July-September, III; October- 
December, IV 


¢ : Incidence per Quarter 
7% of Total Incidence = snc ence eta Uenhelraer a 


Incidence of Pathology for year 
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TABLE: 21.2/ 


1977 QUARTERLY’ ANALYSIS OF TOTAL PATHOLOGICAL INCIDENCE OBSERVED 
IN THE GONADS OF VERTEBRATES AND INVERTEBRATES COLLECTED 
_ ALONG TRANSECT II AND AT SOUTHERN BANK 

















VERTEBRATES 
Quarter Incidence pmol Tk. ike 
2 21 28.0% 
ie 16 21.02 
211 18 24.0% 
IV Zt 28.0% 
TOTAL yo) 320 (21557) 
INVERTEBRATES 
Quarter Incidence A Ofss Bas 
I Zh 19.0% 
Dk Le L5.U2 
Itt 24 22.0% 
IV 48 44.0% 
TOTAL shal 8 yg rs re aS ee Ky 


lQuarter= January-April, I; March-June, II; July-September, III; October- 
December IV 


t 
Se eer Ver dance moos. per Quarter yn 


Incidence of Pathology for year 
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TABLE 21.28 


HISTOPATHOLOGY OF FISH GONADAL TISSUE COLLECTED DURING 1977 
ALONG TRANSECT II AND AT SOUTHERN BANK 





Incidence 
of 

Specimen Analyzed Infected Infection 
Wenchman 

Pristtpomotdes aqutlonarts 70 16 22.9% 
Longspined porgy 

Stenotomus caprinus a 8 Line 
Sand seatrout 

Cynoseton arenartus 43 8 18.6% 
Atlantic croaker 

Mteropogon undulatus af 4 10.8% 
Gulf butterfish 

Peprtlus burtt 1 0 0% 
Rock sea bass 

Centroprtstts phtladelphtca 12 2 16.77 
Red snapper 

Lutjanus campechanus 28 6 21 eas 
Threadfin 

Polydactylus octonemus 5 0 0% 
Black ear:bass: :..: 

Serranus atrobranchus 3 0 ys 
Pinfish | 

Lagadon rhombotdes 5 1 20.07% 
Vermilion snapper 

Rhomboplttes aurorubens 52 11 ble 2h 
Spot croaker 

Letostomus xanthurus 16 a ase 
Scaled sardine 

Harengula pensacolae s 1 20.02 
Atlantic bumper 

Chloroscombrus chrysurus 5 3 60.0% 

TOTAL Bh: 61 by eos V4 
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TABLE’ 21, 29 


HISTOPATHOLOGY OF INVERTEBRATE GONADAL TISSUE COLLECTED DURING 1977 
ALONG TRANSECT IIL 


Incidence 
of 

Specimen Analyzed Infected Infection 
Paper scallop 

Amustum papyraceus 33 18 33 09% 
Blue crab 

Callinectes stmtits 50 Gs o2'.07% 
Portunid crab 

Portunus gtbbesttr 8 0 0% 
Portunid crab 

Portunus sptntcarpus 58 10 he pt 
White shrimp 

Penaeus settferus 46 10 21592 
Rock shrimp 

Steyonta dorsalts ie 6 46.2% 
Broken back shrimp 

Solenocera vtoscat 56 5 8.9% 
Brown shrimp 

Penaeus aztecus 100 fa St. Ue 
Rough back shrimp 

Trachypenaeus stmtilts Bu 1 1.9% 
Squid 

Loltgo pealetr 2) 4 Sey 
Squid 

Loltguneula brevis 32 3 9.42% 
Spider crab 

Anastmus latus 5 1 20.0% 


TOTAL Toa 88 16.8% 








a Bie Aan: 
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Further analyses are needed before a complete correlation can be established. 


Karyotype 


The majority of chromosomal analyses have been done on freshwater fish 
(Denton, 1973; Wharton et al., 1977) and only a limited number of marine 
species have had their chromosome number established (Lee and Loh, 1975; 
Nicholson and Byrne, 1973; Regan et al., 1968; Wharton et al., 1977). Sin- 
ilarly with marine invertebrates, a limited number of species have been 
karyologically analyzed (Ahmed and Sparks, 1967, 1970; Menzel, 1968; Menzel 
and Menzel, 1965). 

Seven marine fish and four marine invertebrates (Table 21.30) were 
used in the initial chromosomal analysis effort. Several problems had to 
be solved before chromosomes could be counted. Some of the animals sampled 
did not produce analyzable material, This was due to several factors 
such as (1) wrong colchicine dosage, (2) wrong treatment time, (3) improper 
hypotonic treatment, (4) improper spreading techniques, and (5) use of tis- 
sue with high mitotic activity. These factors will vary from species to 
species, from tissue to tissue and with size and/or age of animal. The 
factors for species listed in Table 21.30 were established fairly well. 
Chromosome counts were made and analyzable karyotypes are presently being 
developed for these species. 

The basic protocol for chromosomal analysis used was a modification 
of the bone marrow and tissue techniques developed by Ford et al., (1956). 
Modifications.of this technique have been applied to other tissues. Gill 
epithelium, liver, Pdnayedentoed and scale epithelium have been used suc- 
cessfully for freshwater fish (Denton and Howell, 1969; McPhail et al., 
1966). Gill epithelium has provided the best results in the marine fish. 


Of the seven species of fish analyzed, the silver perch, Batrdtella 
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TABLE 21.30 


LIST OF SPECIES UTILIZED IN THE CHROMOSOMAL ANALYSIS EFFORT 


WITH CHROMOSOME NUMBERS 


Species 


Fish: 


Sand seatrout - Cynoseton arenartus 
Vermilion snapper- Rhomboplttes aurorubens 
Barred grunt- Conodon nobtlis 

Silver perch- Batrdtella chrysura 

Bigeye snapper- Prtacanthus arenatus 
Atlantic bumper- Chloroscombrus chrysurus 
Dwarf sea perch- Dtplectrun btvitttatum 


Invertebrates: 


Blue crab- Callinectes saptdus 
Squid- Loltguncula brevts 

Brown shrimp- Penaeus aztecus 
Paper scallop-— Amustumn papyraceus 





Chromosome Number 
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ehrysura, sand seatrout, C. arenartus, and Atlantic bumper, Chloroscombrus 
ehrysurus were completely evaluated including counting and karyotyping. ~ 
These species have 48, 48 and 44 chromosomes, respectively, with the majority 
of chromosomes being telocentric (Figures 21.10A, 21.10B, 21.10C). Tenta- 
tive chromosome counts were made on the other species, but not enough repli- 
cation was done to establish the exact number. These species fell within a 
range of 44 to 54 chromosomes. 

Invertebrate chromosome counts reported in the literature have been 
made on either oocytes or blastula cells. For this study, adult tissue 
was used. Different tissues were tried. Glandular tissue and gill epi- 
thelium proved effective in obtaining countable chromosomal spreads. The 
squid, LZ. brevts, had 22 to 24 chromosomes, the paper scallop 10 to 
12 chromosomes and the blue crab 24 chromosomes (Figure 21.10D). The 
major problem with these organisms was the size of the chromosomes. The 
squid and scallop chromosomes range from 0.25 um to 4 um in size making 
the identification of the chromosomes difficult. Replicates of these 
species are being done to confirm initial counts and to obtain analyzable 


chromosomes. 


CONCLUSIONS 

From the partially established reproductive cycles of selected inver- 
tebrates and fishes the following conclusions can be made. The fishes 
showed a great variability from station to station and occasionally within 
Specimens at a given station. Invertebrates showed a greater degree of 
synchrony, with sequential development in some. Due to this variability, 
any future studies should analyze a larger number of specimens per species 
per station to provide a more representative statistical base. To establish 
complete reproductive cycles for the species used in this study at least two 


more years of sampling would be necessary. 





Figure ZL LG 
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Silver perch (Batrdtella chrysura). Chromosome spread from gill epithelium 
showing 48 chromosomes. 1320X Giemsa Stain. 


Sand seatrout (Cynoscton arenarius). Chromosome apread from gill epithelium 
showing 48 chromosomes. 1320X Giemsa Stain. 


Atlantic bumper (Chloroscombrus chrysurus). Chromosome spread from gill epi- 
thelium showing 44 chromosomes. 1320X Giemsa Stain. 


Blue crab (Callinectes saptdus). Chromosome squash from the digestive gland 
showing 24 poorly defined chromosomes. 1320X Giemsa Stain. 


a cre oom 


-" 
5 SEE Be aR Ee ee 
Pina RR meter i Tat Dal SN ae Sie ks A ee irseenencnana 


Pathological conditions observed in the fish and invertebrate gonads 
included parasitism, hyperplastic growth, cysts, vascularization, degenerated 
condition, fibroblast infiltration and other abnormal conditions. One 


hundred and forty-nine (149) of the 878 animals analyzed had a type of 


pathological and/or parasitic condition. 
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